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gradient and energy concentration effect* ®“ 
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fluid pressure and flow, temperature, geeobem- 
lcal environment) era suggested for sms of 
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Extinctions: The Democratic Solution 

Peter R. Vogt and 

John C. Holden , 
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The problem of what caused the late Cretaceous extinc- 
tions still remains unsolved today (or does It?), after over a 
hundred years of Inquiry supported by an evsr Increasing 
supply o! theories and data. The classic approach of the 
multiple working hypotheses method to the problem of 
wholesale extinctions has apparently not succeeded, at 
least not until very recently. 
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An hlatorlcal example of an 'opinion poll' In earth science: T. 

Aifdi (Handbook ot Pateogeography, Leipzig, 1917) used (he state- 
ments or maps of 20 contemporary researchers to compile a table 
of voles for or against the existence of land bridges In Ihe different 
geological periods- In Figure 1 of The Origin ol Continents and 
Oceans (1966 Dover edition translation of the original 1929 Gebr. 
Vteveg German edition), Alfred Wegener presented the results of 
Ns 'poll' In the graphical form reproduced here. The upper curve 
shows (he number of proponents, the lower curve opponents, and 
the difference Is hatched where 'for' and croB8-hatched where 
•gainst.' Wegener argued— and most everyone agrees today— 
tel Hie times of transition from 'for' to 'against' represent the times 
of continental breakup. 
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What Is the view of today's earth science community? To 
find out, we are soliciting your opinions In the accompany- 
ing poll. Of course the ‘democratic solution’ sought here 
cannot be considered the final answer to extinctions. Bui by 
taking the pulse of Informed opinion, we hope to stimulate 
Interest In the subject (of extinctions and of opinion sur- 
veys). The results of the poll will be reported In these 
pages at a later date. Whatever your specialty, please take 
a few minutes to fill out the questionnaire. We don’t even 
Insist on your being an earth scientist, but do give us your 
professional specialization. 

Clearly, a hypothesis cannot be completely summarized 
In a short phrase. Treat each hypothesis as an approxima- 
tion, and give your basic opinion. Please do not embellish 
the hypotheses with qualifiers, except under ‘other sugges- 
tions.’ 

The questionnaires should be sent either to John C. 
Holden, Box 38, Wlnthrop, Washington 98862 or to Peter 
R. Vogt, Port Republic, Maryland 20676. 

We leel the tide of scientific opinion should be routinely 
gauged, particularly at times of rapid change. Tragically, no 
opinion surveys were conducted during the Plate Tectonic 
Revolution (1966-1970). However. II Is Interesting that Al- 
fred Wegener published in his last book a graphic display 
of a ’poll’ he took on the timing of various ocean basin 
openings. We are, In a sense, taking that page out ol his 
book. 



Peter R. Vogt emigrated to the U.S. from Hamburg, Germany, al 
the age of 8. After receiving a B.S. at Caltech and a Ph.D. at the 
University of Wisconsin, he went to work as a research geophysi- 
cist at the U.S. Naval Oceanographic Office In Washington, D.C. 
For 5 years he waa a member of Ihe GOFAR project, but when the 
oceanographic office was moved lo Mississippi In 1975, Vogt 
switched to the Acoustics Division. Naval Research laboratory, 
where he Is presently employed. Professional Interests Include ma- 
rine geology, plate tectonics, magnetic anomalies, and hot spotB. 
Mass extinctions have always fascinated him, for the response of 
the biosphere to environmental changes must be telling us some- 
thlno about the geophysical processes behind those changes. Al 
home In southern Maryland, Vogt is a disciple of Euell Gibbons 
and enjoys creating with natural materials, e.g. wood carving. 
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Questlonnalre 

Please respond to the statements below by giving the 
number of Ihe one response that best describes your opin- 
ion. 

1. Could very well be true. 

2. Possible but not probable. 

3. Extremely unlikely but not Impossible. 

4. Impossible — violates present date. 

5. No opinion— not familiar with hypothesis. 

Statements 

The end-Crelaceous extinctions occurred because 

1. World climate warmed at the end of the Cretaceous. 

2. World climate cooled at the end ol the Cretaceous. 

2a. Assuming warming or cooling was responsible, it 

was caused by 

(I) variation In solar activity; 

(II) interstellar/interplanetary gas or dust; 

(ill) variation in terrestrial volcanic activity, possibly ol 
short duration; 

(tv) nearby supernova; 

(v) collision with asteroid; fine debris discharged Into up- 
per atmosphere; 

(vi) collision with comet; 

(vli) variation In plate tectonic activity, e.g , drop In 
spreading rate, drop In sea level; 

(viii) fresh or brackish water from Arctic Basin inundating 
world ocean. 

3. Radiation increased. This was due to 

(a) nearby supernova, 

(b) solar explosion. 

(c) magnetic reversal and temporary destruction ol Van 
Allen Belt. 

4. Fine debris Injected Into atmosphere by asteroid im- 
pact blocked sunlight, decreased photosynthesis, and dis- 
rupted food chain. 

5. of diseases of one type or another. 

6. of ‘racial senility.’ 

7. of breakdown of oceanic circulation, resulting in a 
widespread anoxic event. 

8. of widespread depletion of the oceanic plankton over 
a short lime period, leading to collapse of marine trophic 
structure. 

9. ol eustatlc sea level fall, leading to restriction of shal- 
low-water habitats. 

10. of temporary depletion of critical trace elemenls such 
as Cu or Co. 

1 1 . of temporary toxic overabundances of trace metals. 

12. ot temporary Oz deficiency caused by drop In marine 
phytoplankton. 

13. of depletion of nutrients which was caused by low 
terrestrial relief, low runoff, and reduced land area. 

14. of rise In carbonate compensation depth (CCD) lo 
near sea level. 

15. of successful competition by mammals (e.g., eating 
dinosaur eggs); applies to terrestrial vertebrates. 

16. Tha marina micro-fauna/flora extinctions occurred al 
a different time and therefore do not need to ba explained 
by the same mechanism as the terrestrial (dinosaur) extinc- 
tions. 

17. The end-Crelaceous extinctions differ only In scale 
(magnitude) from those throughout moat of the Cretaceous 
and Cenozolo. 

18. The end -Cretaceous extinctions represent a unique, 
or at least extremely rare, type of catastrophe. 

19. The cause for the extinctions will be Identified more 
or less certainly within the next few years. 

20. Tha debate will continue because of lack of decisive 
evidence. 

21. The irldlum/osmlum enrichment recently discovered 
at the K/T boundary Is the decisive breakthrough and could 
do for massive extinctions what magnetic lineationd did for 
plate tectonics. 

22. Tha length of the extinction event was: 

(a) 10® years or less, 

(bj 10* years or toss, 

{o much less than a 1000 years, perhaps only a few 
weeks. . 

23. The triggering event waa truly Instantaneous (e.g., 
an asteroid), although the extinctions occurred over a peri- 
od of years. 

24. Noah bufit more than one ark— the ark oanying the 
. dinosaurs, etc., sank. 

26. The end-Cretaceous extinctions were caused by In- 
tervention of extraterrestrial Intelligence. 

26. Other suggestions? Comments? 
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NSF Funding Trends In EPS 

Nallonal Science Foundation trends In (undlng for re- 
search in universities in the Earth and Planetary Sciences 
(EPS) during the 5-year period 1975-1980 show gradual 
Increases (eee figure). The trend for ocean scfences has 
taken a mostly continuous Increase that will continue if the 
Ocean Margin Drilling Program Ib supported in fiscal year 
1983 as proposed. Support of the program has dean in 
Jeopardy in Congress during the past monlhs, but right now 
the prospects for continued support of the project appear to 
be favorable. 

FUNDING IN AAE0 1975-80 





The atmospheric sciences have had increasing stepwise 
support that could make It the largest program In the EPS 
portion within a year. The ocean sciences could also lake 
the lead. 

Astronomical sciences have what appears to be a level- 
ling off in funding, but at a substantial base. Aslronomy will 
be getting a boost In one sector— space telescope— during 
the present decade, with NASA funding. 

The Earth Sciences Program proper (EAR) Is significant- 
ly smaller than any of the other programs, included in EAR 
are geology, geophysics, and geochemistry. The trend Is 
levelling off; its extension cannot be predicted now. Possi- 
bly. It will increase again by fiscal year 1984. [Source: 

NSFJ — PMB $ 

Dying Pacific Hot Spot 

A team of scientists at the Hawaii institute of Geophysics 
report th8i they have evidence for a new hot spot in the Pa- 
cific Ocean. Their discovery was described by Barbara H. 
Keating at AGU’s Spring Meeting in Baltimore late last 
month. The predicted hot spot, located in the Caroline Is- 
lands. halfway between Hawaii and Japan, is the first to 
show evidence of waning. Keating said. 

Hot spots are sources of hot rock that may come from 
the earths mantle, explained Keating, assistant professor 
of marine geology and paleomagnetics at the University of 
Hawaii. The hot rock melts through oceanic crust and forms 
a chain of volcanfc islands and submarine volcanos These 
volcanics show a strict age progression from oldest to 
youngest. 

In the Caroline chain, three major Istands—Truk, Pona- 
pe, and Kusare— folfow the age progression, Keating’s 
team found. The scientists determined with radiometric dat- 
ing that Truk is 12 to 14 million years old. Ponape Is 8 mil- 
lion years old, and Kusaie is 4 million years old. However 
the islands are unusual In that the volume of Truk is twice 
that of Kusafe. The Hawaiian Emperor Seamount Chain 
parallel to the Carolines and also formed by a hot spot, " 
shows the opposite pattern: The youngest islands have 
greater volumes than ihe older ones. 

Geochemical studies show that the Caroline Islands have 
Ihe identical source but that the magma that formed the is- 
lands changed with lime. All of this evidence points to a hot 
spot that may have bean dying during the formation of the 
Carolines, Keating said. She predicis that the hoi spot Is lo- 
cated at 4.8 ; N, !65.7 : E. 

Corroborative evidence comes from seismic work, local 
legend, and bathymetric charts, Keating noted. Dan Walker 
at the University of Hawaii found evidence of seismic activi- 
ty near Ponape. Also, according to a book published in 
1899, Ponape warriors set their sails toward the southeast 
but hurriedly retreated when they saw fire in the sea. Keat- 
ing believes that the ‘fire’ actually was an erupting volcano 
near the predicted hot spot. 

Bathymetric charts show that a seamount, evidence of 
an old volcano, rises from the bottom of ihe sea north of 
Ihe predicted hot spot location. Keating says she hopes to 
confirm Ihe seamount’s presence with ocean bottom seis- 
mometers this fall. 

When Keating used pateomagnoilc data to predict the 
position of the hoi spot, the results varied aboul 2* from her 
predictions made on the basis of bathymetric and seismic 
data .— BTRXk 


Shuttle Upper Stage for Galileo 

NASA has awarded four tetter contracts tolalfng 
$7,483,000 for design of a modified Centaur launch vehicle 
and related components for use as an upper stage with the 
space shuttle. The modified Centaur will be an adaptation 
of the vehicle that has flown as an upper siege for both the 
Atlas and Titan boosters over the past 1 6 years. 

All of Ihe contracts are fn support of the Galileo mission 


to Jupiter scheduled for launch in 1985 and the Internation- 
al Solar Polar Mission In 1886. 

Under a $3,41 2,000 contract with General Dynamics 
Corp., Convair Division, San Diego, Calif., a modified Cen- 
taur vehicle will be designed. 

A contract for $1,693,000 was signed with Honeywell, 
inc., Avionics Division, St. Petersburg, Fla., for the design 
and development of the Inertial measurement group, a part 
of the self-contained automatic navigation and guidance 
system. 

A $1,545,000 contract with Teledyne Industries, Inc., 
Northrfdge, Calif., was awarded for the onboard computer 
and remote multiplexer unit. The remote multiplexer units 
comprise the basic airborne data Information system to 
supply InFlIght data. 

All work under these contracts Is scheduled to begin 
about June 1 and continue through Sept. 30, 1981. 

Under a $933,000 contract with United Technologies 
Corp-, Pratt & Whitney Aircraft Group, West Palm Beach, 
Fla., RL10A-3-3A rocket engines will be built. Primary 
thrust for the Centaur Is provided by two of these engines, 
which develop 33,000 pounds of total thrust. Work will be- 
gin on Aug. 1. 

The Centaur program Is managed by NASA’s Lewis Re- 
search Center in Cleveland for the Office of Space Trans- 
portation Systems' Upper Stage Division, NASA Headquar- 
ters, Washington, D.C. [Source: NASAJ —PMB 


Puzzling Over Saturn’s Internal Heat 

One of the most interesting things to come out of the 
Voyager experiments, according to Voyager scientist An- 
drew Ingersoli of Caltech, Is the measurement of Saturn's 
Internal heat. Before the Voyager 1 experiments, Saturn 
didn’t fit with science’s view of the solar system, he noted. 

’Early ground-based observations and Pioneer spacecraft 
observations Indicated that Saturn had loo much Internal 
heat,’ said Ingersoli. ’One outrageous possibility Is that Sat- 
urn Is only 2 billion years old and therefore has not lost the 
expected amount of heat. Such a possibility, If true.' he 
continued, 'would shatter our understanding of solar system 
formation.’ 

Infrared detectors aboard Voyager 1 showed that about 
one ha f of Ihe helium is missing from Saturn’s atmosphere. 
The missing helium, if It had settled out toward the center 
of Saturn, could Just account for the additional energy now 
being radiated,' Ingersoli told fellow scientists at AGU's 
spring meellng. Helium raindrops then would tend to form 
about halfway down towards the center. The large Internal 
heat previously defected includes that released by Ihe heli- 
um rain, Ingersoli concluded . — BTR 88 

Saturn's Rings! Debris From Satellites 

Saturn’s rings may be the remains of at least three satel- 
lites smashed by a comet about 4 billion years ago. That's 

Meeting 5 W ° rd r ° m ,h0 Voyafler 8010011818 at AGU's Spring 

The rings are fragmenls of preexisting satellites, ex- 
plained Eugene M. Shoemaker of the U.S. Geological Sur- 
vey in Flagstaff, Arlz. Breakup ol the satellites could have 

StSmS COm0t afU l by ,he sate,lilB collisions. Sat- 
ellite fragmenls then smeared out to form the complex ring 

system photographed by Voyager 1 lest November, he ^ 

ihf IinnTflrf 1 r thi f ! e 2 ry rever . SGS a previous assertion that 
satellites we* loS" 8 °' matter ,rom which «» 
Mimas, easily Identiifed by the impact crater coverlno 
wie-fourth of lia diameter, is a still-life of comata^ impacts 
Shoemaker said. The impact that caused the crater was ’ 

S b M° W lhe mreaho,d of breaking apart the satellite he 
sato.^Mrmas remained Inlact, though, a 4-bllllon-year-old 0 

satellites— Saturn’s tenth and elev- 
Br I Uate ,he fra 9 mental debris theory Shoe- 
JX* hBSB irf6Qulafly sha P 0d moons wereonoe 
pieces of a larger satellite. Similarly, the Frlna Is the resi 
due of satellites like moons 10 and 1 1. he added.-flTfl ffl 

New Center for Air-Sea Studies 

Prompted by Ihe Increasing recognition of links batwoon 
he oceans and Ihe atmosphere, ihe University of RhrvifT 
Island recently established a Center for ASheric 

s * udie ®- Located within Ihe Graduate School ol 
Oceanography, the center researches alr/eea Interactions 

Sj d and reac,l0n8 of gases and par- 

ebOcaa 3 aph0 r RoteS lenter ,SV ' 

air pollution, will continue under the auspfees ol the cemer. 

Th# Search for Non-Nowtonian Q 

Geophysicist Frank D. Stadey and his ^n Qa „, « 
the University of Queensland. BrSbane £2S8 M ■ r0m ■ 
tempting to lest the laws of grartKyska^ V ra , ^ 
science laboratories have made Ktou^aM R y f Ca! ■ 
cent years to look for devlatlona in Q S re * ' 

slant, for the purpose of supwrilno rvm Con * . 

rfes. Physicists would Ifce : 


Building a Base 


AGU has benefited the aca- 
demic geophysical community 
since Its Inception. It has be- « 

come a major medium of scien- AffYl 1 

tlflc communication through Its 
excellent journals and meetings. {rw| 

It represents us at International , J| ‘ 

meetings and has assisted 
those who have traveled to such ‘ • ' 

meetings. Also, In these times 
when academic science, partlcu- m 

larly basic science, Is under some pressure, AGU can 
serve an important role in presenting the case for basic re- 
search In public forums. For all these reasons AGU da- 
serves the support of the academic community, but why 
should we contribute to AGU-GIFT? Do we not already rav 
dues? 1 m 

In my own case, the answer to the questions posed 
above arises from my own recent experience: 4 years ago I 
was appointed to a faculty position and began building a 
research program. In seeking to accomplish this, the desir- 
ability of a permanent ’base’ of money and resources hBs 
become very evident to me. It Is extremely difficult, I think, 
to build and maintain a long-term program of any kind lithe 
only resources available are short-term resources, such as 
annual dues. Some form of reserve Is necessary to handle 
such matters as coping with unexpected fluctuations in In- 
come and meeting special needs. A base df capital equip- 
ment, facilities, and space Is necessary to ensure the phys- 
ical continuity of the operation. This is what AGU-GIFT can 
provide, and I commend It to you as worthy of your sup- 
port. 

Anton M. Dainty 
Georgia Institute of Technology 

Note from AQU-QIFT Steeling Committee: Professor Dainty's 
check was the first to be received at Headquarters last December. 


ratory experiments with mass attraction have been more or 
less noncommital. Now for the first time In many decades 
the problem is back in the hands of geophysicists— where It 
originated. 

Frank Stacey, who has been known for his theoretical 
analysis of the thermal properties of the earth's mantle and 
core, has been formulating a series of unique experiments 
that he hopes will provide a good test for the Inverse 
square law. Under development are two separate projects 
to determine lhe gravitational attraction of a layer of water: 
one In the ocean, one In a lake. (Stacey, F. D., Possibility 
of a geophysical determination of the Newtonian gravita- 
tional constant, Geophys. Res. Lett., 5, 377, 1978; Stacey, 
F. D., and G. J. Tuck, Non-Newtonian gravity: Geophysical 
evidence, Nature, In press. 1981.) 

The ocean measurement will be done jointly wllh marine 
geophysicists of Texas A&M. The Intention, subject to NSF 
funding, Is to employ the submersible vehicle Alvin, and at 
stationary positions, measure vertical gravity profiles to 
depths of 3500 km. They plan the first measurements on 
na Slgsbee Abyssal Plain In the Gulf of Mexico because of 
Is relatively featureless topography. Beneath the 3500-tan 
ayer of seawater, Alvin will be stabilized, and a stable plat- 
form will be used for the gralnmeter. 


IVACUATEO 
BALANCE - 
AND MASSES 


[ uiftH WATCH H«L 

-c - 1-r . -- - ^ ■ , 


Schematic view of the Splltyard Creek gravity experiment- A ^ 
anoe compares the weights of masses suspended In evacuates, 
tubes at different depths In a lake as the lake level le charjffM- 
SH 0 ? ,8 , supported by an observing platform °n an electo®^ 
ion that minimizes corrections for the absence.of water In tnew; 
ume occupied by the material of Ihe pylon. [Per relerenpeaaw- 

-i ■ ’ ' : 

' . ‘ 

. . . • \ • • : : C i 

‘ ;; ; 

file second experiment will be done In a hydrbeleotj* ' : 
pumped-etorage lake, where the level will change I Q /L. 

once or twice a day. (see figure). The storage lakd ls , 
w on Splltyard Creek; 'a minor tributary of the Brljb*^; 
River, Just upstream from the nearly completed . 

ffiVA very accurate balance will weigh 10;kg ma8 J?Lk . 

mat wi i be, sU8pejKjegjn dvacuated tubes al w 

°f the lake. A Capacitance detector will be sensitive 

1 in 10® of ambient gravity, , 
ihsltlvitybf 3 parts ln,1Q 

d^noe for a non-Newtcml^ ™:. . 




of the lake. A 
onough to measi 
®Pond|ngt6ab 
; In attempting 




laHonal effect, the two experiments are considered comple- 
mentary. Both experiments constitute the largest scale sys- 
urnfor measurements of this accuracy ever attempted. 

The masses are large (the layers of water), the systems 
simple, and the precision is comparable to that of a con- 
troiied laboratory experiment. Aside from the search for 
non-Newtonian effects, the results should provide a new 
accurate value of G. — PMB 88 


Equal Opportunities Committee 

To encourage women, minorities, and other groups cur- 
rently underrepresented In science and engineering, the 
Nallonal Science Foundation created, at the request of 
Congress, the Committee on Equal Opportunities In Sci- 
ence and Technology. Appointments to that committee 
were recently announced. 

Carol Jo Crannell, an astrophysicist at NASA's Goddard 
Space Flight Center, is one of 16 scientists on the commit- 
tee. Cora B. Marrett, professor of sociology at the Universi- 
ty ol Wisconsin, will chair the committee. 88 


fleophyslolst 8 

VinodP. Bhainagar was recently appointed senior staff 
physicist In Ihe Department of the Environment of Monlteq 
ltd. In Concord, Ontario. Formerly of the University of 
Western Ontario's physics department, Bhatnagar Is also a 
consultant to the Centre for Research In Experimental 
Space Science at York University In Downsvlew, Ontario. 

Gordon Eaton will become the dean of geosciences at 
Texas A&M University on September 1. He succeeds Earl 
Cook , who has held the post for 10 years. Eaton, a former 
associate chief geologist with the U.S. Geological Survey's 
geologic division, is known for his research In the volcanic 
history ol Yellowstone National Park and for tectonic stud- 
ies on the western United States. 

The following have been elected Fellows by the Ameri- 
can Academy of Arts and Sciences: Wallace Gary Ernst. 
UCLA; Robert L. Fleischer, General Electric, Schenectady, 
N.Y.; John Imbrle, Brown University; Paul Beattie Mac- 
Cready, Jr., Aero Vironment. Inc.. Pasadena, Calif.; Joseph 
Victor Smith, University of Chicago; Hugh P. Taylor, Jr., 
California Institute of Technology; and M. Gordon Wolman, 
Johns Hopkins University. 
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New Publications 


IMS in Antarctica 

Reviewed by T.J. Rosenberg 

™ e J lrat majorsymposlum on results of the International 

K £Sr« 6 w S . U ^ y was h0,d at La T rebe Unlversl- 
Auslral,a * fr °m November 27 to De- 

wMnn'J i i Til Pr080nt VOlUmB IMS ln Antarcllca I 0 a 

ejection of 11 1 of 13 papers on Antarctic research that 

NnnntnT.!!! 0 th ' 8 , ® ym P° slum - » ' 8 dedicated to Takes! 
Negate of he National institute of Polar Research, Tokyo, 

E mSK 1 tToY. dBV8l0P fl6ophy3ical resea,ch 

The post-IMS data analysis phase Is still In an early 
stage. Antarctic research no doubt will be shown to have 
“2 rth !SS significantly to realizing many of lhe objectives 
of the IMS. But, It seems to me premature to have pub- 

'ii. on ,hls thame now - Nevertheless, the materi- 
al Included Is Informative and Is Illustrative ol the significant 
contributions that Antarctic Investigations can make In geo- 
physical research. The book serves principally to summa- 
rize the Japanese work (6 ol 1 1 papers). Other papers are 
by Russian (1), New Zealand (1), British (2). and American 
(1) authors. 

Nagata et al., In five papers, summarize auroral-zone 
measurements from Syowa Station. Information Is present- 
ed on precipitating electrons, the spectra of VLF and HF 
plasma waves, and vertical profiles of electron density and 
DC electric fields. The spatial extent ol VLF emissions In 
magnetic latitude and local time is determined from satellite 
data received at Syowa. Conjugate relationships for various 
typeB of ULF and VLF waves are examined and a classifi- 
cation scheme proposed. A new direction finding technique 
for auroral hiss emissions is described. Results show that 
hiss Is associated with localized active regions ot bright au- 
rora. Kleimenova and Golikov, using simultaneous data 
from Syowa and Molodezhnaya stations, contrast Ihe spa- 
tial extent of continuous and impulsive hiss. Another paper 
on Syowa observations, by Hirasawa, classifies auroral lu- 
minosity pulsations with frequencies ol 0.05-40 Hz accord- 
ing to spectral characteristics. 


The remaining papers in this volume discuss measure- 
ments obtained at subauroral latitudes. Unwin and Cum- 
mack discuss Ihe ionospheric signature (’drift spikes') of 
large poleward-directed electric fields with a VHF doppler 
auroral radar operated from the south of New Zealand. 
Lester and Smith present results from Halley Bay of a whis- 
tler study of the bulge region of the plasmapause showing 
the anomalous occurrence of rapid inward (cross-L) drifts 
of whistler ducts. Matthews and Yearby compare the prop- 
erties of magnetospheric VLF line radiation observed at 
Halley Bay with those of power line harmonic radiation as 
observed at Siple Station. Last, the paper by Bell et al. 
shows that signals from Ihe Siple Station VLF transmitter, 
propagating in the nonducted mode, are observed continu- 
ously over large regions of Ihe plasmasphere. 

In sum, these contributions only touch on the variety and 
scope of the research activities carried out In Antarcllca 
during the IMS. Much of the material has already been 
published In journals or Is on lhe verge ol publication. 

T. J. Rosenberg is wllh the Institute tor Physical Science 
and Technology, University of Maryland, College Park, 
Maryland. 


Sea Ice Processes and Models 

Proceedings of the 
Seattle Symposium 
September 1977 

40 pages of International Significance 

• AIDJEX rnviow jmpers 

• Dotcrmi [italic ice mnituling 

• lcn nhsorvutions 

• Ummtlarv laynrs 
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Identification and location of natural and man-made 
seismic sources: earthquake characterization and 
source mechanism studies: explosion source char- 
acterization; and empirical studies using near Field 
and far field seismic data. Experience In theoretical 
and observational seismology at regional and tele- 
aalsmfc distances, Is highly desirable. Experience 
In digital time series analyst Is desirable. Ph.D. In 
seismology la highly desirable, however, M.S. level 
with experience In earthquake and explosion seis- 
mology will be considered. SalHiy and benefits are 
extremely competitive. Resumes along with salary 
requirements should be submitted to the Personnel 
Department al the address below. Attention Code 
SAS, ENSCO, Ino., 5408-A Port Royal Road, 
Springfield, VA 22151. 

Equal employment opportunlty/AAP. 

QeophyslolBt/Taotonophyslolst. The De- 
partment of Geology and Geophysics al the Univer- 
sity of Wyoming has a tenure track opening at Ihe 
Associate Professor level lor a geophyeWslAacion- 
ophyslclsl An Interest In velocity measurements 
and other physical properties ot rocks Ib essential. 
Additional Interest In crustal structure and plate 
tea tonics Is desirable. AppScanl should be able to 
relate studies of physical properties to field relation- 
ships. Ph.D. required. 

Applications will be accepted Birough July 15, 
1881. Applicants should send a vita, Including 
names of three references, to: 

Prolessor R. S. Houston 
Department ol Geotogy/GaophyBics 
University ol Wyoming 
Laramie, Wyoming 82071 

The University ol Wyoming Is an equal opportunl- 
ty/alfirmethre action employer. 
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GSA WILL NEED AN EXECUTIVE DIRECTOR IN 1982 

Read on if you want to help 
the entire earth science community in North America. 

The Geological Society of America is seeking an earth scientist with proven 
managerial experience and achievements, and wllh a working knowledge of 
the publication business to replace its Executive Director, who will retire by 
mid-1982. 

THE EXECUTIVE DIRECTOR . . . 

... is in charge of GSA Headquarters, wilh its staff of over 40 people 
In lhe Membership, Meetings, Publications, and Controller De- 
partments, and the Data Processing and Mailing Service units. 

. . . coordinates (1) publications of GSA. 

(2) annual GSA meetings arrangements, and 

(3) activities of all GSA committees, sections, divi- 
sions, and relations with associated societies. 

... is responsible for implementing the directives and policies of the 
Council and the Executive Committee of GSA; also coordinates 
headquarters' work wilh the Centennial Science Coordinator 
and the President of the GSA Foundation. 

. . . works al the graciously modern GSA Headquarters building In 
Boulder, Colorado, e beautiful university and research town at 
the foot of the Rocky Mounieins, 28 miles northwest of Denver 
International Airport. 

... holds e position with attractive compensation and comprehensive 
benefits. 

If you are a mature, broadly trained earth scientist and if you an intrigued 
: by'thls opportunity, mail your r&sumA with references and your questions, 
in itriotest confidence, to 


: ■ i I j ■ 




THE 

GEOLOGICAL 

society! . • 

OF AMERICA 


Executive Director Search Committee 
Geological Society of America 
lp.O. Box 0140; 

Boulder, Colorado 80301 - ; 
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Physical Oceanographer/ 
Geophysical Fluid Dynamlclst 

Arete Associates, a growing research 
firm, located in Southern California, en- 
gaged In Uiooraticai and empirical physi- 
cal oceanography. Is offering permanent, 
full-time positions. Candidates require 
Ph.D. (or equivalent experience)) In physi- 
cal oceanography or geophysical fluid 
dynamics. Salaries are competitive and 
negotiable, based on qualifications. Aretd 
offers a fringe benefit package of superior 
quality. Qualified candidates should send 
fdsum6. salary history, and list of profes- 
sional references to: 

Personnel Administrator 
Aretfl Associates 
P.O. Box 350 
Enclno, CA 91316 

An oqual opportunity employer M'F. 


Profs ••or of Ipaea Phytic*. The Institute of 
Oeophyska end Planetary Physics of UCLA Invites 
applications for an academic ladder (acuity position 
in Ihe Held of apace physics. The appointment Is 
expected to be made at the level oi professor. Ap- 
plicants should have wan established records In re- 
search In the area of fields and particles In space, 
and wUI be expected to conduct vigorous research 
programs in space plasma physics. Responses 
should Include a resume of education, professional 
oxpertonc*. and published row arch. Send ropttos 
lo L Knopolf. Associate Director, instituted Geo- 
physics & Planetary Physics, UCLA. Loa Angeles, 
CA 90034 

UCLA la an oqual opportunity.'aHUmotive action 
employer. 

Postdoctoral Position In aooohomfatry/ 
Cosmos hemls It y r Unlvsislty of Atlio* 
no. Applications are frwtod lor a postdoctoral re- 
search associates* ip in iho Lunar and Planetary 
Laboratory at Ihe University ol Arixone The asso- 
ciate win elaborate with Dr William V. Boynton in 
ongoing investigations of the refractory inclusions in 
carbonaceous chondrites The solactod applicant 
will have major responsibilities to conduct minorat- 
og>cal investigations to supplement existing neutron 
activation analysis studios. Experience with an 
electron mcroprobo is oasontial. experience with 
neutron activation is desirable Faciiilioo include a 
fully automated SCM microprobe. numerous gam- 
ma ray detectors including a Campton-auppreasian 
spectromnter, several computers and a TRIGA re- 
actor. 

Applications, accompanied by a resume, state- 
ment ot research interests, and complete bibi.ogra- 
phy. Should ba senl to Dr. William V. Boynton. 

Lunar and Planetary Laboratory. University ol An- 
ions. Tucson. Arizona B5721. Lowers ot rocom- 
mendaton, directcJ as above, should be requested 
from at least three persons who are welt acquaint- 
ed with the applicant s accomplishments and poten- 
tial To receive tun cons deration, app’catton mate- 
rial! shourd be roceued by August 3t. IMI. 

The Uni vers, ty ol Arizona is an equal opportunity' 
affirmative action employer 

Faculty Positions University ol New Or- 
leans. The Pftysxs Department ol the University 
of New Orleans fnvMs app'.cafcons lor tonuie track 
po S' tons ava.iab’o August 1981 Rank and sa'ary 
are to be commensurate with expeneoce and train- 
ing The department has a po’ ey ol encouraging 
research activities m app'-ed areas which are of 


mutual Interest to the faculty end the local technical 
community. Candidates with backgioumKn compu- 
tational physics, acoustics, and geophysics are es- 
pecially encouraged to apply- Current research ac- 
tivities within the department include experimental 
atomic and molecular physics, solid stale physics, 
cryogenic geophysics, hydrodynamics, and compu- 
tational physics. 

Applicants should send o resume to Professor 
Edward L. Beeson. Physics Department, University 
of New Orleans, New Orleans, LA 70122 

The Univoraily is Bn equal oppaitunity/afflrmailve 
acfkm employer. 

Sadlmentologltt or Sedimentary Petrolo- 
glat/Unlveralty of Callfornlo ( Santa Bar- 

baza. (Correction) Applications are Invlled for a 
tenure track appointment In soft rock geology lo be 
Tilted to 1981-82. Rank dependent on qualifications 
end experience but preference will be given to the 
assistant professor levof Applicant should normally 
havo a PhD. and strong Hold-orientation end quan- 
titative background. The candidate will be expected 
to develop a strong research program fn sedimen- 
tation. The candidate will also be expected to leach 
at both undergraduate end graduate levels and In- 
teract with students end faculty of tho department, 
particularly In the general areas of dlagenesls. vol- 
canic processes, paleomognetica, as well as Held 
geology. Additional duties may Include leaching 
physical goofogy and summer field geology. 

Please send resume, other documentation of 
abilities, and four laltora of recommendation by Au- 
gust 31, 1881 lo Dr. Arthur G. Sylvester, Chairman, 
Department ol Geological Sciences, University of 
California, Santa Barbara, CA 93106. Telephone 
(805)001-3156. 

The University of California is an affirmative ac- 
lion/equal opportunity omptoyor. 


Research Coordinator 
PHYSICAL 
OCEANOGRAPHY 

Skklawoy Institute 
Savannah, GA. 

SkkJaway Institute of Oceanography is 
seeking person with an oceanographic, 
meteorological or engineering back- 
ground to join a research team Investigat- 
ing physical oceanographic processes on 
(he continental shelf. This person must 
operate and maintain a remote oceano- 
graphic data acquisition system and must 
havo oxperionce with digital equipment 
and Ihe processing of data originating 
from such equipment. He or site will be 
responsible for checking and calibrating 
sensors on a scheduled basis, for data 
editing end for data analysis. 

Applicants should have an M.S. degree In 
a related field or have the equivalent In 
training and experience. Knowledge ol 
time series analysis procedures and tech- 
niques. computer programming, and tech- 
nical report writing are necessary skills. 
Independent research and publication of 
results will be encouraged. 

Starting Salary: S16.600-S20.000 depend- 
ing upon previous experience and qualifi- 
cations. Send rdsumd Including Ihree ref- 
erences to: Dr. Jack Blanton, Slddaway 
Institute of Oceanography. P.O. Box 
13687. Savannah, QA 31406. Phone 
(912)356-245772453. 

8100 1> an affirmative BCtlonequat 
opportunity employer. 




•ao° Geophysical Monograph 21 

N'N Order Number GM2100 

I J / List Price $23.00 

20 % discount to 
pX\ \ AGG members 

V » m 1 1 | j - i *550 pages* 


Quantitative Modeling of 
Magnetospheric Processes 


edited by W.P, Olson 
(1979) 


Providing an annotated list of quantitative models which serve as a 
reference on energy particle distribution and magnetic and electric 
models, this monograph was written In conjunction with the Inter- 
national Magnetospheric Study’s activities. 

Published by: 

American Geophysical Union 
2000 Florida Avenue, N.W. 
Orders under 950.00 must be prepaid. Washington, D.C. 20009 


Physloal Oceanographer. Research Assist- 
ant Professor. Fixed-term. Ph.D. required in physi- 
cal sciences end demonstrated ability to conduct 
Independent research In physical oceanography. 
Will be expected to analyze and model oceanic In- 
ternal waves and ocean circulation, and will be en- 
couraged to Initiate research projects ol own 
choosing. Submit resume and three letters ol refer- 
ence by 1 August 1961 to: G. Rose Heath, Dean, 
School of Oceanography, Oregon Slate University, 
Corvallis, Oregon 97331. 

OSU Is an Affirmative Action/Equal Opportunity 
Employer. 


Faculty Position 
OCEANOGRAPHY 

Applications are invlled for a tenure- 
earning faculty appointment In physi- 
cal oceanography; level of appoint- 
ment and salary commensurate with 
qualification. Applicant should have a 
record of scholarly publications dem- 
onstrating the ability to interpret 
oceanographic observations. Duties 
Include teaching graduate level 
courses in physical oceanography 
and supervising research of graduate 
students. Send curriculum vitae, publi- 
cation list, and names of Ihree refer- 
ences to; Dr. Friedrich Schott, Chair- 
man, Division of Meteorology and 
Physical Oceanography, Rosensllel 
School of Marine and Atmospheric 
Science, University of Miami, 4600 
Rlckenbacker Causeway, Miami, 
Florida 33149. 

Tha University ol Miami Is sn affirmative 
ecUon equal opportunity employer. 


Poetdootoral Reeearch Associate. The 

Department of Civil Engineering. University ol 
Washington has. an Immediate opening lor a tem- 
porary, one-year post doctoral position In water re- 
sources and hydrology. Successful applicant will 
participate in ongoing prelects In rainfall-runoff 
modeling, hydrologic forecasting, and stochastic hy- 
drology. Concurrent independent research on relat- 
ed problems In hydrologic and water resources sys- 
tems analysis will be encouraged. Please direct 
transcript, references, and vitae to: Stephen J. 
Burges or Dennis P. Lettenmaler, Department of 
Civil Engineering FX-10, University of Washington, 
Seattle, Washington 98195. (Telephone: 206/643- 
7135 or 643-2632). 

The University ol Washington Is an affirmative 
adlon/equal opportunity employer. 

Temporary Staff Positions In Isotope end 
Trooe Element Geochemistry. The re- 
search program of the new Geochemistry Division 
at the Max- Platvck- Institute for Chemistry In Mainz 
Is oriented toward the geochemical structure and 
development of the earth's mantle. Our facilities in- 
dude a new Vartan MAT 261 automated solid 
source mess spectrometer (In addition to older In- 
struments) for isotopic analysis of Nd. Sr, and Pb. 

Available at the Institute are also: electron micro- 
probe, Ion microprobe, INAA. XRF. spark source 
MS, and plslon-cyllnder apparatus. Applications are 
Invited for geochemists with experience In Isotope 
geology and petrologlsts with experimental experi- 
ence In trace element partitioning. Appointments 
are normally made for two years, but a one year 
extension Is possible . 

Applications should be senl to A. W. Hofmann. 
Dlrektor Abtellung Qeochemle. Max-Planck-lnstllule 
luer Chemle. Postlach 3060. 6500 Mainz, F.R. Ger- 
many. 


SUPPLIES 

Rook Hammer with pick head and leather hol- 
ster lor $18.00. This Is $8.00 below list price. Write 
for tree catalog "Qeotogtc Field Supplies and Pros- 
pecting Equipment 1 '. Western Heritage, 101 3. 
Washington St., Hinsdale. IL 80691. Telephone 
(312) 964-6228. 


Meetings 


Delegates to IAQA and IAMAP Assemblies 

U.S. scientists planning lo atlend the Fourth Scieniific 
Assembly of the International Association of Geomagnetism 
and Aeronomy to be held August 3 lo 15, 1981, in Edin- 
burgh, Scotland, and the Third Scieniific Assembly of the 
International Association ol Meteorological and Atmospher- 
ic Physics to be held August 17 to 22. 1981. in Hamburg, 
Germany, should notify A. F. Spilhaus, Jr., secretary of Ihe 
U.S. National Committee of IUQG, at Ihe American Geo- 
physical Union, 2000 Florida Avenue, N.W., Washington, 
D.C. 20009, so that they can be officially designated as del- 
egates from the United States lo these assemblies.# 

Water and Energy Conference 

A Iwo-part conference entitled 'Water and Energy: Tech- 
nical and Policy Issues’ will be held late In the spring ol 
1982. Tho Eastern Conference will be held In Pittsburgh, 
Pa., on May 23-26, 1982; the Wostern Conference will be 
In Fort Collins, Colo., on June 27-30, 1982. 

Primary objective ot the conference is to exchange Infor- 
mation and stimulate discussion among technical special- 
ists, public interest groups, and Ihose who have legislative 
or public policy influence Fn energy development and asso- 
ciated water resource Issues. Among the topics to be In- 
cluded on the agenda are water requirements and availabil- 
ity for energy development; ground and surface water qual- 
ity; hydrologic impacts: hydropower; and water resource 
allocations and iheir legal, economic, and political consider- 
aUona. 

PoienIJal contributors to Ihe Eastern Conference should 
send abstracts (200 to 400 words), by September 1 to Fritz 
Kilpatrick, U.S. Geological Survey, National Center, Mail • 
Stop 414, Reston. VA 220B2. Abstracts or the same length 
for tha Western conference are also due September 1; 
sand (hem (o Don Matched, Slone Webster Engineering 
Corp.. P.O. Box 6406. Denver. CO 80217. 


tm 


The conference is sponsored by the American Society of 
Civil Engineers In cooperation wllh the League ol Women 
Voters and the Council ol Stale Governments; government 
and technical organizations will also participate, ffi 


Geophysical Monograph 22 

Derivation, Meaning, 
and Use of 

Geomagnetic Indices 

byP.N. Mayaud 

A complete review, fully testing (he relia- 
bility of current Geomagnetic Indices. 

"Thle book will surely be recognized In years 

to come as a classic." 

Alexander J. Deaster (Foreword) 

•iPjJE 1 ■* ?P? niembw discount 

* . ? nd J? de ??2 ' Outers under $50.00 

hardbound Bsl price $20.00 must be prepaid. I 

American Geophysical Union 

2000 Florida Avenue, N.W. FT?SIMbi 
. Wathingtofl, EC. 20009, • KsBBS 
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RIO GRANDE RIFT: 

TECTONICS AND MAGMATISM 

Edited byR.E.RI«* CT 

A Comprehensive Overview 

Compiles important papers from the Internationa] 
Symposium on the Rio Grande Rift. 

Concentrates the latest discoveries 

After eight years of accelerated and Intensive 
research, the Rio Grande ts now the best docu- 
mented continental rift in the world. 

Must reading 

for geophysldsts, geochemists and those In 
related fields. 



... ■■ ■ — 
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• 448 pages • ills., maps • $16.00 
• 2Q% member discount 


S) American Geophysical Union 

2000 Florida Ave., N.W. ' ■' 

■ Washlhgton, D.e. 20009. paggltifi 
Orders 'mxtef $80: W ;piu st be 1 prepaid. . 
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EPOC *81 

The 28 th Annual Eastern Pacific Oceanic Conference 
/EPOC) will be held October 29-31 at the University ol 
Southern California Conference Center at Idlewood, Calif. 
The urogram will emphasize progress reports on basic re- 
search programs In the region (CODE, Super CODE, VER- 
TEX OPUS, and CalCOFI, for example); on large applied 
research programs (such as Bureau of Land Management- 
soonsored studies along the California coast); and on fu- 
ju cooperative studies (for example, studies of the Cali- 
fornia undercurrent and the overall California current ays- 

^To facilitate multidisciplinary communications, this meet- 
ing will Immediately follow the annual CalCOFI meeting. 

For additional Information, contact R. Michael Laurs, 
EPOC Secretary, Southwest Fisheries Center, NMFS, La 
Jolla CA. Christopher N. K. Mooers is chairman of EPOC. 


HR8T ANNOUNCEMENT AND 
CALL FOR PAPERS 

FIRST ANNUAL CONFERENCE 
ON THE MANAGEMENT, 
ANALYSIS AND DISPLAY OF 
GEOSCIENCE DATA 

January 27-29, 1982 
Colorado School of Mines 
Golden, Colorado 

Mathematical Geologists 
of tha United States 

The conference will provide a forum for geoecientiets, 
mathematicians, statisticians, and computer scientists 
to diecuea progress In theoretical and applied 
approaches. Tha program will Include invited review 
papers on the following topics: 

• General • Computer applications 

• Advances In geoetatlstlce • Computer graphics 

• Developments In • Database management 

gaomathematlcs 

Contributed papers are Invited on any of these topics. 
Suggestions or contributions on other, related topics 
will also be considered by the organizing committee. 
Those wishing to submit an abstract should send a 
tentative title of their paper to: Richard B. McCammon, 
US. Geological Survey, National Center 920, Rsaton, 
VA 22092. The deadline for receiving this Information Is 
August 16, 1981. 


ASSEMBLY TRAVEL 


Third Scientific Assembly, International Association of Meteorology and 
Atmospheric Physics, August 17-28, 1981, 

Hamburg, Germany 

Fourth Scientific Assembly, International Association of Geomagnetism and 

Aeronomy, August 3-15, 1981, 

Edinburgh, Scotland 


Universal Travel Service, Inc., of Washington, D.G., lias been selected as o//icial travel agent /or 
these two assemblies. Contact Anna Manat, Universal Travel Sendee, Inc., 1825 Connecticut 
Avenue, N.W., Washington, D.C. 20009 (telephone; 202/687-3202) as soon as possible, indicating 
your requirements. Every effort will be made to obtain the best schedule and (he lovvesl air /ares 
available, such as super-APEX or group fare. 

APEX (advance purchase excursion /are) must be booked 21 days in advance; minimum 7 days, 
maximum 180 days; $50.00 penalty for any change a/tor ticket is issued. A limited number of scats 
set aside on each air carrier/or this low fare. 

Group fare: minimum 40 passengers travoiing logefhor, may return individually; tickets issuer! 2 1 
days in advance. For those attending both assemblies, effort will he made to obtain suitublu /lights 
and /ares, 

From home city to New York (JFK) there are special add-on /arcs and, in some instances. Mifmr 
saver or published super-APEX /ares that can be used in con) unction with transatlantic /light. 

Northwest Airlines has direct sorvico/rom New York lo Glasgmv (Prestwick). Pan American lias 
daily service /ram New York to Hamburg; Northwest, twice weakly. 

If possible, the group /are, which is the lowest /arc, will ho used lo have 40 passengers traveling 
over on the same date. 


IAGA/Edinburgh 
August 1 /FK/Preslwick 
August 16 Prestwick//FK 


NW #38 depart 7:20 PM arrive August 2 8;Of) AM 
NVV #39 depart 1:10 arrive same day 4:50 PM 


Super-APEX: $549.00 Group: $526.00 


IAMAP/Hamburg 

August 15 IFK/Hamburg PA A #104 
August 29 Hamburg/IFK PAA #101 
August 14 JFK/Hamburg NW #30 
August 29 Hamburg/JFK NVV #31 


depart 9:45 PM arrive August 10 12:00 noon 
depart 9:05 AM arrive same day 12:35 PM 

depart 6:15 PM arrive August 15 9:30 AM 
depart 12:50 PM arrive same day 5:25 PM 


Super-APEX: $575.00 Group (only on NVVJ: $530.00 
First class and regular economy fares are available 



Separates 


To Order: The order number can ba 
feund at the end of each abstract; use all 
wsHs when ordering. 

C° i,: $3-50 for the first article and 
*'•00 lor each additional article In the 
wme order. Payment must accompany 
order. 

Account: A minimum ot 
T° P° ntay be placed on deposit with 
aou for tha purchase of separatee. If 
hu, 8 flr ® 0n t,0 P° B,t i tha cost of the first 
22? te on| y 52.00 and $1.00 for eaoh 
additional article In the same order. 

separates will be mailed within 3 
wwks of journal publication or within 10 
11 ordered after the journal has 
n,i5Jj? red ‘ Separates are available for 
mmu? for two years from date of 

.Jkptea °f English translations of artl- 
„ Beslan translation journals 
j™ available either In unedited form at 
nrtJ 'll 0 , 01 thelr Hating In EOS. or In final 
•jreiied form when a Journal le published, 
ns charge Is $2.00 per Russian page. 

Send your order to: 

"jsrlcan Geophysical Union 
2000 Florida Avenue, N.W. 
Washington, D.C. 20009 
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0430 C(-poaltlon Uwnlc or eolacalw) 

so, m cs« cwss secncs data in the ultraviolet 

REGION 

c, T. Robert Ho (Earth * nd S P* C ® lelodMO 
Inst I tut* , Italvorilty of Southora Collforolo, 

Lot Angola*. Call fowl • 90007) and D. L. Judga 
IfalBR aynchrotron radiation na ■ 
ground, the cross • action, of «Oj In tt» 
and 299-3*0 on rag I on and of CA, La tbo 318-330 nn 
ration bava batn otaauiad vilh a bandwidth of 

0.06 na. It haa btoa cooflmad that tha reported 
band paaltlona of SO, In tha WWI ■ »|lon by 
Vamack at ai. (J. O'**- Mir** *2- llJ *l 
should all ba ahlltad by 0.3 na toward ahorcav 

vavalengtht. An loportm applet ionofth, 

pteaaat result* t* found in tha SO, and CS, ailing 
ratio caleolattona for Vtoua and lo. 
flaopbyo. M*. Utt., Faptr 13.0813 

0430 Composition Ntojlc or "McnUrl 
PRESSURE BROADENING OF CJ0 Bt NITROGEN 
u m Ptckfttt (Jet Prepulsion Laboretorji 
cilirornla T k ! " Cohen 

ssLsra artjipfc - - 

K^' , ^ ,i SwS8S! 

rxano. Of hiflh-lnvol li,”" 

t alpha lie ••MBW ^ 


’•Mot, *1 » tit., dlf faraat latar- . • - to' ooear in. fl** * 

da ri-WM OCS la th* ragioo.' ; . ? h ! rl 5 / ii2 SEijalSlfi 

"*• Tha total quub. yield - . . . . film** frt«funno» ff 

'“"It, °L“ th * ,u ““ ,r .J!I of bartirga at^both , 

!l oTS U * P'T^ary, quanta yteld of- .• ooCurrane^T jj, B n0r thor(1 . 

9«ll I, ,v. D,s ™ Interval*. «r« rendftW aa i'; ' ■ ‘ aupaat .than J “r* . hiahPX * n 

?* *baotptioB Hi J* *traatarad. faaturaa'ihy:', ' thn'iwtf 1 :hwlnP»W K * < 


Inga and thlcknaaa or waning layara 
vara Jeaa at both tha atatlona In 19/2 
than in 1975. Tha zonal wind waa 
atrong eaatarly at tha loear atrataa- 
phora and weak aaatarly at tha upper 
■tratoaphare In 1972. An opposite 
trend In tha zonal wind waa notlcad 
during 1979. A quasi-biennial osci- 
llation In tha wind In tha ■trakoapha- 
ra waa obaatvad at Aaeanaion Island 
and Xwajalein which aaa In agraaaant 
with tha results obtained feon tha 
earlier atudy for Thueba. l Tropical 
e tratoaphare, taepazaturas and winds, 
■uenar aoneoon, queal-blenniel et*«- 

J^ U (^wpby«. Mi., Oraan, fapar 1C0814 


Electromagnetics 


0703 Antanna* 

PENINSULA WPS DANCE MEASURE WWTS TN THE 
K1IU.B0R0UOH SOUNDS, MBV ZEALAND 
B. Darr (Oaophyaical Observatory, PO Bax 
8111, Chrlitcburoh, New Zealand.) 

Haeauranante have bean eada or tha In- 
put lapadenca, at VLF , or s aortas or 
tranaeiaalon lira* connected eeraaa e 
paninaula lo the Marlborough Sounds, New 
Zealand. No raaonancaa in the input 
lwpedanoo liava bean round which cannot ba 
axpleinad in terat* of basic earth return 
tranaataalon line theory, the aur rounding 
■aa serving only to provide low laps dance 
line teralnaliona. 

Jo contrast to tho assertion* of Morgan 
(1980)1 tho phase velocity of propagation 
alone the aerth-retum aaion lines 

hea boon round to dattaaa* aarkadly »a 
tha eabloa era lowered to the earth's 
AurfaoB ■ 

It la concluded that the ■panlnaule 1 
and ■lalend" raaonanooa observed near 
10 Ms by oould (1961) end Hargen (1979) 
ware aleply cable reaonane«a, tho phase 
vaioolty elong the cables bowing been 
raducad by' their pr ox laity tu the ground, 
- (peninsula , lalend, TLY, antenna) 

Ral, Bel. , Za|a* U091# 


Exploration Qeophysics 


mm HuBatlr aed aicatrlral aatheda 
gnOUNENTAL DSM 07 W0* 1 l **F. 1,1 

?*2? Cooe (tfetxn*. I»e-. W 0 **! *ai*areb DlvieldO, 
^ ImTm «ty. « M»» j - C ' “* 

i Mrtea ot «»*•* twtm oopluftted 
te diternio* tb. lasatraUoe dldteocax and raOec- 
L*nM oktxleabla te f 111 ' «rr«tl, eve li- 
able atori-puM* taddr, Tha wins fl#Id t#4ie . 
iat, ceodeoped lo 1917 add lill- 

Are* 4 U(i«>t typ*< ° r t* 4 W vet*, preeeeted. 

Iba fitatioarlaa cl tears axaelcad tba peaettitloe 
diataodas, T*lMl<ir ol propagatloe, Jbd attenatlen 

lly. of prap,M cLo * m appioxlMtely half th*l In 


cha air. The text* ahovel that It was poeatbta to 
cranaelt alaciroaagnaLlt (EM) acargy la tha range 
of 20 to 400 KHi through SO I t of coal. Tha taata 
also ahovad tha da ft alt* poLart ration affects that 
had previously Vaau esaeurad in coal. Tbs second 
eerie* of taxes uaa daslgned to show tha xnlaa 
reflection dUcaocea for radar with a center fre- 
quency of 100 KU. Using coaenn-dapth-polat (CUP) 
Ndittiat rechnlqoaa, a tenfold CDP lias obtalnaJ 
reflections lor distances graatar than 10 ft. Tha 
final aerie* of taaca was conduct ad to locate a 
ala-loch borehole within a coal pillar. Tha radar 
eyatae Jocacrd the hole quickly and asatly even 
though It waa 20 ft Into tha pillar. 

Tha taata have ahovn that It la peaaibU to uaa 
sbore-pules radar to probe coal ***** before Blalcg 
Geophyelci, Vol. ad. Mo. 8 


0920 Magnetic and electrical nathada 
TUB TfTJXllC-MLCWTOTTLLUlTC METHOD U TVO- AND 
THUfr-DmxaicxAL nrvuiWMEsTS 
John A. I tod l (Uat varsity of Utah Raaaareh loattnta 
Earth Be lane a Laboratory, 420 Chlpata Nay. Suit a 
(20, gait Lata city, UT *M01) Gerald V. Bobaaae 
and 5a* C. Ting 
Tha aatuaptlen of ayarlal oolfonalty of tha faorl 
irmtat aagnatic field, which la an lapHclr aaouap- 
tloo eada le atralghtfi 

la (lurlc-eagnau telluric (T-MT) eatbod. le not al 
ways valid aaar ceoAictiwlty lnhOBegena tries, far 
a two- die* ea lees 1 {2-0) ca*a, the xraaevaraa alas 
trie node horizontal wagnatlc (laid ea; vary ears 
than a fee. tor ot ihree, the iftiltl wlttlw «( 
the herlautel eagnatlc field le not aa great over 
th*M~dlee**lMal ()-D) leboMiaMltUe, bat U nay 
•till contribute ■IgnlHcaaily lo lnptdaeca wagel 
tude and phase onrar shallow inhoaogaMlt la a at 
higher fraquancle*. 

gpatlal variation ol the tailmtal wagaatle 
field cao cause T-Hf taped ancaa to differ ilgaifl 
daily froe MtnetotellutJe (HT) Cout 

gneotlpi HT Modeling of T-MT flald dels could re- 
sult In a Me leading toceipietot ton of candoatlvL 
ty itmotwra. To avoid erroneous iuarpraratloo, 
euaarlcal nodal log pregrana thou Id calculate actual 
T-MT data. Baaolutloo of a coaduetlvUy structure 
vhteb produce* significant spatial varlsttoo of the 
eagnacle flold le laea with T-MT data thee with on 
equal nuafear bf XT date. However , tba laeraaltd nun- 
, vet of date ohtalMd free a T-XT aur way mi of font 
this ahortqoelag If the. dais are proparly Inter- 
preted- 

Geophysics, Tol. 4b, Mo. « 


0920 Me goal Lr end electrical eathodi 
n< inpubjke or guuubcts induced di tub host hot 
cat juaiMucmrtc Miront op a sthodu Dtuerur 
unin a imp 

: Alexander A.Raufesn (Thrpartnaxit of Geophyalee 
. Colorado School of Hlpaa, Co Idas, CO WHO*) 

A variety of tina- domain abd f raguaney-dgaatu 
alactroMgnatlc (BO narhoda haa com lota *** la 
elnaralx exploration for daceetlbn of mfiietiM 
'or* bodlae. Because tU ceapOne* a at theaeiVarloua 
' *y ■ tana differ eaxhodly frnn ona aaotbar, clip qrn 
.■ tlon erleaa aa to which le tta none. aCfaettpe Cot 
use to discovering e hurled, conductive ere body 
The question can ba poaad aa folloual What type of 
exploration eyatm provlda* eha beat slgpal-ro- 
noet* (8 /h) retie, whbe signal fa da fined ax cha 
aeeealoua EH field capiad by tha presence of a tar 
get body aed no I a* la 4* (load *■ EM raeponaea lege 
the surrounding nadlugl Analytte solucioo of tha 
problon la tedious sod ha* not ret Loan reported 
• la the literature. 1 describe sees results for r 
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n^tiUl ta ir wtilch ri'li'.n i lie nciplnxltv r.| the 

lit iMti i- . Ihe r«ic littuJ In th.il !■! n r in* 
durllrx rcl."(«H gltuitM Jlrreily haRi-alh a enirca 
Jo-f . 1).i HI rriiif.nefi i-««j hr cnrrenn In tho 
(phrri'l.l or-! In tlur n.irraunll hr mlln vara <v>-.put- 
r-l In htitli [l.ii fn-quercy Jn-iiln nnl tin* jMiln, 
il'lr./ IN Inc rural I'TillliHl appr-a-h, auppl«r-, ntuJ 
with «•;.,] use !• mi „l asy.-prul 1' eaprrrnat.in f..r ,ji- 
ff*M iae|>Min*n(n. Hrvilrn nh-n that l ha Irani' 
Itnt rvlhil |<n-vM<*i the hMt 5/M ruin nr the 
rn||i,i.|a r.,riildrrc.1. 

I!c»r1>|i>l'n, V..1. U, 0 


•VI W Salailr nncli-dn 

db ta in iw iiipth-ntmi.sii.-iM. VKincrrr !vm.il\t!«-i 
hibkn.t irch m-vr.tciii.iM sns'iir* data; am iuot-ngf 
scAmair/: t'mur.isH 
Son 4110 (Orputer ippllnllni'i 

A. II. Veglaln (f.ltlcn SarvL-A C->. , Fnor«,r Rcmurcna 
Troup. P. i>. Bum I9rta, Tula*. tar KStOJl V. F. 
tay>« and I. K. Anlcrc'n 

(V pro aunt a I- rr.il Ion Tor nhtiilnlrp il.e *uh»ur- 
lict valnrliy rrnlltuntli n rllrwllr frm reflor- 
t1"n at I ante data. Our ■ppiul-.'li It to apply (he ra- 
luilti thtnlncl (it In jot 6a piublmi In qmrlun uat- 
ter In* INnrv t>', the tuflrctlan *el*-iLr pfnhlr-i. In 
particular. we oattn.1 eha rraaltn of HUM 1 DIM 
fur liwara* quant in »rattcrLn* an,| M**svy (19/3) 
for tha npt-dlranilonil (L-Dh Mantl f leal Ion of tho 
amuallr wvt iquatlmi to tho problem nf l-Jcnt 1 F r- 
lr* I ha fwlurlly In tho thrro -dlrensluMl |I-H 
aeon it It Mm equal ton (ton tann-Ur* value erasure- 
cant a. Mi) a prtorl kn-'vltdxe |>[ rha iijhiurlact 
moIoiIIt (■ aiTP-e.1 an.1 alt rnfr-vtton, diffract i-m, 
and nulilpla rel tot | toll phrn-rrm ora rakrn Inin 
account. In adiltton, we explain h«,w I he Idi-a nl' 
nlant ili<h In pioconlnt antmle Otct la an Ir-pnr- 
tint part at tha pi, -p, -nr I 1- D Inrerao (cat lor lot 
(■irilltn. 

f-orphvxlci, V-l. * 6 . I;... 8 


0410 9e|ealr natt-d* 

A HfLTN-D FOR C*[ lUIAH'/l SYNTHEfti: 9H5*S»:«X'i; 

Wl [I'lr I Mi LI VE THE IIIEI F 9 i >F ANIONPrWf A.SD 
DISFtaSli'Y 

Sia ri»[l} <1 np ni«i apvlhalliiaa 

(I. T. fi*lty (Foitrerlv A'-ra Pr-'-l'i-'Clan Fiiinuh 

IHltl, I»\mai piaoani 1 < L'nlOB All Ta. .\l I«m4i 


llntrrd. lr-Hth Avenue 3 .U., P, D. Box 999 , 
r-iIr-iTA, Alta. ■ 1 »nc4i TIP BAJ 

A n-thnj In fliitllK-l for the calculation of ayn- 
lh'"t Ic colne. -A mob which Include the effteta of ab- 
r.nrptlail anl dlnpuralna. The absorption onJal usid 
in ilia uauil r-'lnl ->f eiporwmlal Jayy of oepll- 
tula with dl atarrH given by A - A|c" , **«• a 
a linear funnel on or frr -putney. Thla nitanuatlen 
la act minted for nllhnnst Icntly by a I lowing tha 
olaacle r.o,l„lU> to ba a cor plea velocity and uava- 
ranhor, anl tho reflect Inn or*4 tramtilamlon cooffl- 
rlanla alao becona cotplea ruction! nf frequency. 
Tho r.athol la hie ad upon tha c omul cation theory 
approach and |a applicable la plana w.ivaa In a Mat 
larated nodal. Iha aourca can bo placed at an arbi- 
trary dapth. Tha aquation* an outlined in detail 
for a particular aheorptlon-dlaparalon pair taken 
Iron Futtamn (I9M1. An exaepla vlth a surface 
synthetic a»la“"|rai and avnthetlc trace* at 
■averal depth* Is prraanead. 

Car,ph?alca. Vol. Ah, Ha. 8 


0910 Salaalc aathoda 

HUUKUK UfltO FT SPECTRAL DEWHP0S1IWH OF A 9EIS- 
HKMft IKTO ITS KIHUOH OflBOFT CCHMHfHT PLUS 
M(» 

8a* 0110 Corputar ippUcatiana 
Svan TiaLtal (Aco to Production Co., ?. 0. Box 591, 
TTilaa, OK 7A10J) tndaro A. Robloaon 
Va con alder an -T-lararad alaattc radius which la 
parfactly Inaulatad lira Ita «nbaddln| apace. Each 
layer has unit tvn-uny vortical umltlia, and a 
cotuclrfanl aourca- receiver pair ta located Juat la- 
low tha top Intarfaco. If tha Inaulatad Bedim la 
aictted In tha rraota paat, tha povar aptc tries of 
th« laaulttng lopuloivo romal -Incidence ayothotlc 
taloHim Is « puts 11ns apscttioti bacauaa no can- 
dor a I mints axial In tha sjscsra at the tin# of 
BiaaursBanc, this apactna Is s alalaun entropy 
spactrua. If wa add whits notss to tha aalaooirao, 
tha pouar apactriB taecsea a aaxtfnxi antrapy apre- 
triao. Tha niilrux ancropy apactrm can thus ba da- 
ccnpoicd Into tha ana of a ■inlam antiapy apacttio 
plus uhlta nolaai thla apactral daco-ipoaltlan la 
dua to Flaaranko (1971). If the lniulated oadlua 
la aaclca-d at tin t * 0, tha resulting synthetic 
lala-nirai dtffare rathor ranarkohly fron tha aali- 
Mgras obtained for ascl tat Ion In tha raoota paac. 
Civfhiilii, Vol. An. t:.', 8 


Geochemistry 


Qeomagnetlsm and Aeronomy 

Volume 20, Number 2 


CONTENTS 

nyltov A. M., To|iljnln I. N. ScnlltTinR nnJ lraii a *|iatrt d( clmiTfi'tl pari is- U>s in 

h Blriing nwHiii-lir fiulil 

Oorinan L I., Ka miner N. Kuzin He hem A, IC., Mymrlnn V. bMiinniiun of 
the form mill >leo 'ler.it inn nf lln> inlei'uliun'tiiry sliork witv,- from llie effect 
of iTisinii' rn>- iiun-nsf liefnre Fur Em a li ilerrertse! Diceiiilii-r 1U. IlllHi .... 
Dorman !»■ L llnlyplikln V. N„ Mlluvlilnvn .\. I'. Anirolruiiii' ilifriiMini of I'owmln 
my* wilh llie iirc«,iiri I of apnee nml lime vnrinlion nf ilifru >< iiiii leiDor , . 
Aklnjnii (!. T., (Ihertuk I. M. Dcla-rniiriiil iian of flu- viiino of nhsorpliiiii nf PllA 

lv|»r« lay litleurjl uf «n|.ir iniemwave r,uJ iit-liiir>f^ 

lU'iitfin V M Dihunivlria N. IVIrm V. M. F.^tiiiinlimt of iihiiijt of ni,-,i)oi 

ilvae rijil It in* for fursi iitlinjf of M»|ur •■•isniir ruyH s-|ierlr.i 

Ilnklimvia M. F., Tiprpkoi 11. A. .Mum I n pussiMe rea-im uf ji uizael napliy of lom- 
lieralurei of pinion!* oml lo'lfinii imi* in a pin sum of pnlur wiml . . . , 

Dlrlokovn M. Smin* pc euli.tr I lies of ilaln hIioiil sec lor Mruc lure of iiitcrplunr-lary 

lUflflKCtic fielil . . 

Ivanov K. Ci.. Mlkprlna V. dn^ificuliim of I lie f|.irv sim.ilioiiH ciiurnniuilily 

to lilt' inlcrpliiiii'lory mill iiingnetuupiierir ilf*(iirliiiii«.'e>i 

VVoyk K. (Chhujkohn). Slre.iininj! uf luyfi-unTyy |i!i<^iua Ha rtailf?li iiinffiiutic IioIm 
K orolkov V. K. Tn llie iiielluuld of ilnltt Kt-lling by riinlliplc ni'iilronfi in h nciilruti 


monitor NM-t'-i 


Alporl Ya. I», Moiccrv It. S. Almiil •fi->lribiilioii of t lit* fielil of rlsrlnniiiiKiii-hV 
wov.'!* ill lu,> I'OIII- nf r.nlinli'ui art n oinfinoi lll.Tjfmlii.irliVe pln.-tilm . . . 

Karpenko A. Lobaclievik> I* A. A bull l rutno pvculmrilas uf wavu fluids, ujici- 


ted by afreniiD of charged parlicle? moving accuieraloJly 245 

Mikhailov A. V„ Doonkova N'. M. Assyinelrj' ot nnnual VArinlions nf F2 region 

of Ihr north and soiilli Iictnlfphcro'i 251 

Falkullln M. N, Novikov V. Konovalova N. V. Sulislorms in a nilddlo-iatiln- 

t ilinal reffion F 2 of aflertuidnight sector 255 

Fcl'thhleln A. Ya. About influence of llie upper Ionosphere on inslnhilUy of Far- 
ley — Ilunmnon 262 

Chatovllln Yu. Shushkova V. D. Variations of dec Iron concentration in iho 

polar ionosphere 267 

Gclocrg M. G. Formation of weak large- sen lid ir regularities in the auroral 

ionosphere 27 ^ 

Glvlshvll! G. V, Fllgcl M. D., Lfbhcnko L \ M Allnogenov Yii. A., Gorbatzo- 

vitch V. A. Plandary dislribulion of radio wave absorption in Ihe ionosphere 275 
Gorshkov Yu. N. Frcquential-lemporal and spcclium-energelic peculiarities or 

middlc-lalitudinal VLF noiso background 28U 

Leontiev S. Y„ Lyalskjr V. B. Longitudinal electric fields in an Alfven wove . . 288 

Maksimov V. Senatorov V. Ji. About penetration of irregularities of solar wind 

inside Iht magneto ‘■phero 2 Q 0 

Samokhtn M. V. Quazi one-dimensional model of the roagnetospbcric boundary 

in dislnrbed conditions 204 

Arlkoy A. A n MalUev Yu. P. A magnetospheric echo after impulse switching on 

a ground-lovel vertical magnetic dipole 3 d 0 

Savchenko Y, PL, S mag in V. P. Fields of magnetic inductions of flea wind waves 

in nearshore and shelf zones 

Berdallev E n Pusbkov A. N, Tzvetkov Yu. P. Ihe results of registration of local 
variations nf the geomagnetic field with the help of an auTonniunus proto no 

station 3 U 

Scguln M. K. Tho Magng-MU Orford ophiolilic sequence: a paloomagnctic study 315 

Brief informations 

Krymsky G. F„ Kamoldinov S. M. About Iho third harmonics in a dally varia- 
tion nl galactic cosmic rays 328 

Zwanzlg \Y, Ahoul tho behaviour of a durslinn of 27-tlay roodulalinn of cosmic 

ray intensity during an ll-year cycle nf solar activity 330 

Plilxlnn N. fk, Tyosto M. 1, Verna vn E. C. Waves nf Vt-loi ily in solar wind rs 

a probable Fourcc uf a bou (.weekly va rial inns of cosmic ray intensity ... 331 

Fd'dshtcln A. Ya. Ahoul Iho influence of particle healing on instability id Far’. 

ley — Himi-imm in Ihi* aiirorut iiiintspncre 333 

Drtibdihcv V. L Prlenltzln G. M„ Khnchlkyon V. S., Mharadze /, S.i Yako- 

veti A. F. Space Ipiuporal si rue lure nl w»vt* dislurbaures uf the ionosphere 335 
Drondthev V. I,, Ka«lruiulu V. l)„ KUu«amcddlnav S. Yakovctz A. F. Effects 

t»l propagation nf Wiive ilisturbaiire-, n-gisiercl on inungrAinnii'M ..... 337 

Sazliln S. S, Slznvn l» Z., Larkina V, 1. Lalir nali 1 ili>[H*mlriu'r nf intensity of 

Vf.F riiili,Ui<uiH . 339 

Shagacv M. V. Ahuul til*' verifiitutjtiii uf WeiiiHuck cunrliKiims for hyilrexide emis- 
sion of nlsht-sky liitniiiii'cenf c ‘ t 341 

Valfhuck T. K-, Fcl'ilshtcln Ya. U Uv.-tchllz M. A. Furcio*L n[ gi'oinugm-tic urlivl- 

ly in a milur ryele LI I 

Krjnnky I*. Nikolaev V. Plnlnlkov I. Ya^ Shadrlna I.. P. AIkiiiI guovflccli- 

vity nf VRiiullons of -*ol«r wind velurily 340 

Bhnlpo M, E. A numerical mivdol r«r nirrvnta syulrm of \ vnrinlinn 348 

Gugallshviiy Yn. JU Mclnnhlze T, V, Keresellilzp Z. A. IHuunnui* of so jar wind 

vrlucily during SSC by (lie ditto on pulsation periods i'rfcic 350 

Matvccnko I. T. Kslimati«n uf errurs, iiilmilhtl when longitudinal current an* 

replaced liy vertical ones 352 

Aparin V. P., Ivkin £L V. About a dual nature nr magnetic lexlura of rocka ... 854 

Letters to Iho editor 

Krasnuwhkln P. E. On the problem ul the supt-r-lung pnipagattun o! tho short 

radin-wnves . 857 

Bibliography • 

A new edition of tho book On Iho mdnuology ..... .... ..... 381 

Tho upper atmosphere end aolarlerreslrial rolotlon . . . .. . ; . Sdl 

Chronicle . 

Internal ional Geophysical Calendar for 1080 V . . . . . , . gflQ 


U10 Chanlatry oC tha atooaphaia 

mnrcAtiOBS or h*tdr*l souzot m mz uti- 

TVDIlUL 0MDIEHT8 OF HOy 1H THE UM7CLUJTED 
T5U3M3PHBKB 

Bui tax H«4d( Laboratory for Plaratary Aeaoa- 
pharaa Raaiarch, State Unlwariity of Haw York, 

StnF hook, »W Tork 1D94) 01*a C. PaWau.ai. 
ud Richard H. Rtavart 

va invaatleate tn* latitudinal variationa or 
the (aurcii o * tropoipharU odd Ditiogen (FOy> 
dua » lilhtaini dUahargaa and atratoaphara- 
Lroaaapbora axchanga. *7 alao eowldarins tha 
latitudinal variation of tho raomal rata in 
ciliiant H calcalata tha MOy diatributiona la 
tha trepoaphara uiiag a OBa-diaanalanal nodal. 

Ua than dlacuaa tha lapUcatlOM af the charac- 
tarUtlc latitudinal padiaata ar KOy dua co 
thaxa two aourcaa la flaw of the 0MOTAG oaaaura- 
unta in tha Irae tropoapbara. 

Gaaphpa. Ma. Lett., Paper 1L0799 

1410 Chaalatry ol tba atmaphira 

ATMffHZRIC tOIHAHZ («r)i TREHDS AW) SEASONAL «- 

CLZS 

H. A- Raanuaaan (Oragon Graduate Cantar, 19600 N.U. 
Uaikn Zd. , laavartoo, 08 97006) A X. A. 1. Khalil. 

Be sad on ewentp-tvo araihe of alao at continuous, 
utoaatad. GC/V1D aaaaumrata of ataoiphadc a, 
at Cxpa Itaaraa (65*H), wa ahow that tha concentra- 
tion of C8 V la IneiMaini at about 21 par jr (10. 5Z 
yc -l). n,a data alao ravaalad it able aanaonal cy- 
olia with peak coaeant rat Iona in Octabar and olal- 
aua (oncentratJeaa la July. Tha aagnitudo of tha 
aaaipnal varlatloaa during thtia aoatha la about 
120 ppb* froa tha avaraga (*41. 2X). If tha entrant 
trasd centlnuaa, tha ioataaaad QU concantratlon 
uy raault in a 0.2*K-O.A*Z avaraga Incraaaa in 
aarch'a aurfaca taaparatura over tha next to yaata 
or to (baaad on calculation of Hans «t ol*, 1976). 
Tha coupling of CD, to tropoaphorlc and atrato- 
aphat le chenlcal piocaaaaa la dlacoaiad. 

J, Ccophya. Raa., flraan, Taper ICOlSt 


1440 Oaochaalauy of tho aolld earth 
HYBRID GKAHODIOglTES ltfmiDIVO THE ACC8ZTIOHARY 
ntlgri, KODIAK, IHUKA01H, AND 8AHAK ISLANDS, SOOTH-' 
DEBT ALASKA 

Ha leal* Util (14- HD Earth Sclencaa, Harthaaetem 
ttalvarilty, Bo* ton, HA 02115), Julio Karrli, and 
Joaaph Mho 1 an 

A narrow belt of (onaLUo-granodlorita-granite 
plutana and batholitha Intrudad tha accratloaary 
priin In aouthwcitora Alaska about 60 a.y. ago, 
alaultanaoualy with plutonlaa over 100 loa north 
along tha bbIq arc axis. The praaanca of nata- 
aadlaancary xanolttha, kyanlta, and garnot within 
tho intrualanB aapoiad on tha Kadiak, Shutaagla, 
and Sanak lalanda aitabllihea tho praaanca of a 
c rue cel covenant. 4 I# 0 raogaa fron +10.9-+11.2 a /oo 
•atremaly high valuta which require a cruatal ori- 
gin for such of tho oxygen la tba Intruelona. Opan- 
ayitaa alteration haa dlarupcad whole-rack Rb-Sr 
ayetanttlce In am aaaplaa. Hlaaral laochtona 
ualng unaltarad alnarala yield an aga af 58.7+1.2 
a.y. and * 7 8r/**BrvO. 705J4+ 10 far tha ShuoagTn 
bathellth, and an ip of (3.7 +1.2 a.y. aad B7/86- 
D.7092S+U for tha Sanak pluton. Cooper lsou of 1 
tha isotopic data Tor the lntrualoua with thoia ot 
■•dlaantaty rocka In the Kodiak and Shimagln Por- 
natlcna require that a lov-4 ,, Q. low- s, Br/ 86 Sr 
cotqxmvnt bu praaant within tha lntrualona at wall. 
Miami oodnla coo* lo log s7 Sr/ ,8 Sr and Sr content! 
ol vertoua klnda of nafte magnaa with partial oolta 
of BCtaiadloontary wall rocka auggast that chraa 
typ*« or nafle aagnaa can aatlafactorlly duplicate 
tha oaygeo laotapa algaatura of tha lntrualona: 

(!) a KORB-llke nagu, (2) a aagna derived by par- 
tial fusion of oltarad KOM, or (11 an arc baaalr. 
Tha HORS nodal predict* abundance! of Rb, Br, Ba, 
and REt which aro alallar co those In tha lotni- 
atooa, while rha altaraJ HORB nodal does cot. The 
arc 0*gM modal provldaa a barter trace alamist 
Batch than the melted KOHB modal, but 1* not at 
■uccaaaful na tho W9B oodol. 

Thaaa Lo true Iona ware pracadad bp a pulaa of 
mafic ta lntaneadlata volconUa uaar or within 
tha acctaclonary prlaa, recorded lo tha Faleoceaa 
Ohoat Rocka To na LLdq, Thin vol can* an la probably 
tha beat and nnia acorca of tba nafle component 
within tha lntrualona, and nay ba related lo 
activity at tha aaaeby Kula-Parallon ridge ap- 
proximately (0 a.y. at 0 - (geochemistry, granitic 
rocka. nematic arc, Aloaha) 

J. Qaaphya. Rm., gad. Paper ISO 904 


Geomagnetism and 
Paleomagnetlsm 

8320 Interaction* bat-won exterior aourcaa ani 
„ ior (“a<Pta tola 11 uric affect a) 

OB RQATICKSOP fiBneBN TBW8RAIWB DISTRIBUIICN 
AM) im PBjnWBAIlCH tr TIPB-VAHVKC BLSCTtCMAG- 
WIIC FIELDS Ft» A IKVDUBKSICfML MCtBL d» A 
suBttciirc Lincsmfttc slab 
p.w. Jena* (Oopartoant of Ffcytlri and tha Inatlt- 
“*? "■* Planet aty Phyalca, Unlwertlty of 

Alberta, Bctaonton, Alberta, Canada TtG 3J1) 

Paacoa, V. RaoatwMy and L.J. Sydor* 

* t*a»-dl«analanal raoasrlcal nodal la aanlowad 
to lnvastigata tha perturbation of tina-waxylnn 
e tact xenagne tic fields by a aubdbctbvj litho- 
(phatlc slab. A simile theoui conductlwi nodal, 

* “ c ?® 1 «» *»»ar strain heating, anJ * aojaj 
tdilch takas Into account the product lor *nd up- 
•»«*«> BAUiUl frm 

*• 'tp of the slab ate censtdared for two period.. 
Alio, a cant lnantal/ccaanic Interface la included 
The teaulia indlcats that tha hot oatarlal above ’ 
the ald> conaidarably affect* tha apalial bahav- 

ta .^f« “ 1 ^! ral T a,1C fitid «-f«»nt. at 

tha lurface. Iha aaxiwa perturbation of the 
verlfcal ucawtta covenant occur* aver the ncJm 

'’‘IT b *® ,n * ln lta conductor 

bUl ***" • h,M strain basting ta preaent the 
nMttaa por turbo lien in thla n^onant SccWccT 
the continental aide of aubduclionT^ 

Ihe vertical oagnetic field poriutbatlm ch™.^ 
conaiderrtly vlw, rlalng -elVli^ii^.^^^ 
profile, acroaa the aubductlon ma^l 
aubaluittally diff.cnt for Ihe lh^nSi^\i^ 

*!' ln ^ cllon ‘ «ob*>c«on, tl*b). 4 ■Vtaturw 
J. o«ph„. I,.., zm, P. p , t u ,4, 6 

Hydrology 

^aaaav-- 

Sr 1 

entalw thxoa^bidTSd j^!^**?* * 0 

ae Id cUcnal dae o oanlMUBa 

arUeria for 0n f r * nt dedlm 

■heuld be tadlflui auah atraaee 

Svlrtr rtahm Mtl0B . 

9kper 1WW55 

• ■ SS ffiEOiciiw^ QF Hr6MW - K ovwctivm . 

IWnrilty^f Ut5h' sm e LikFrt? d e *’^ ,e *' 
frM Hu 5. SehS?| l S,U L,1 « c,t >. Utah 84JI?) 
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nuaber or hydraulic conductivity reeaiurmnti 
aval labia to characterize that nataroggnaltv and 
the resulting uncertainty In transport predie. 
tions- Uncertainties arise both from tha unknown 
ipatlal variation In hydraulic conductivity md 
In estimating tha paraneters of the probability 
distribution for hydraulic conductivity. The ’ 
slaulatlons are based on United sampling of 
hydraulic conductivity values free a series of 
hypothetical fluid altos. Results are inter- 
preted in light of the uncertainty In datamlnine 
seepage velocities within the flow system. The 9 
slaulatlons Indicate that considerable hydraulic 
conductivity data may be necessary to obtain i 
reasonable degree of confidence In predictions of 
site behavior- For the sample grids contldtrad 
the hydraulic conductivity data do not go fir ' 
towards reducing the uncertainty in tha ground- 
tutor velocity. The data seam most effective In 
locally Influencing tha mean velocity and con- 
straining the variability In the velocity at tb* 
Masuramant points. A cooplax dependence Is ob- 
served between tha uncertainty In the velocity 
field and tha hydraulic conductivity maasura- 
■ants. Transport predictions are sensitive to 
the arrangement of the heterogeneities Inferred 
froa the data bat. Results of this study suggest 
that given a moderate numher of data points, tho 
unknown patterns of spatial variation In hydrau- 
lic conductivity are a more important source of 
uncertainty than errors In estimating the naan 
and standard deviation of the hydraulic conducti- 
vity distribution. 

Wicer Re tour. Rea., Paper 1V092I 


31 10 Groundwater 

Cti 1 DCIVri FI CATION AND VALIDATION OF BOHR 
GEOTHERMAL MODELS 

L. Ju. Fradkln [Phyalca and ftiglnearing 
Laboratory, COIR, P.B. Lower Kutt, nov 
Z ealand) H.L. Bor ay and A. HcMabb 
Vsrioua distributed and lisapad-parametar 
oodala of tha Ketrskel geothermal raaarvolr. 
Daw Zealand, aro dincuaaad within i unifying 
naehenatleal frasuvark. Iba naod for profit r 
eyntam identification la arphiBl cad. the bait 
lunged Parana tot modol obtained by ayatn 
Idontl f tcatlan techniquot ia praaentad and 
lnterpratad sb a alow-dralntqa oodal. Valid- 
ation of dlffsrant oodala la conductad by 
atudylng thalr forecasting power t with idant- 
lflod paranetar valuos and by ton ting thaaa 
Identlfiad valuoa for compatibility with 
additional data. iSysraa identl f icacirn, 
modal validation, goothermal medal, two-fbaaa 
tonal . 

Kscar Rtaour. Ras. . Pa par 11(0404 


3130 Groundwater 

NASS TRANSR0ZI IN DUAL-P0R0S ITT MEDIA 
Robert Bibby (Atomic EoarBy Zatabl lanaoi, 
Hlnfricb, Dorset, UK) 

In dual-poroslty nadla, auch at fiaaurad 
aquifars In which iha rock nacrli haa s hl|b 
paf-oalcy but law paraaabllLty, cha traniport 
of contSBionnta la control lad by nolacular 
dlffuilon betwaen mobile water in tha flsaurei 
and saanatlally static water In the matrlx- 

This traniport process hsi been modal lad b/ 
iacorporstlag sn analytical inlution for 
diffusion froa a constant concantratlon 
boundary Into s 2-dlaanitonil mass transput 
nodal. Tha nodal uses Galarkin'a method of 
wai|htad railduala and iaopiraaatric finite 
alcMbti tn eolva tha flow and tranapatt 
aquations. The model has bain auccaaafully 
applied to a larfa-acais pollution event . 
using historical data far calibration. In 
tha absence of auch date, idanri fleet Inn of 
nodal parametcra, caper tally diaparslvitUa. 
ia vary difficult. This la because tha 
molecular dir fusion betwaan mobile and 
static water so greatly retards the tranaport 
cl contaminant a chat field taata ae cha 
apprnprlace icala arc aaeantially pra-ampted. 
(Groundwater, maaa tranaporc, nunarlcal modal, 
deal poroilcy). 

Utami Anacur. Ran., Paper 1U0474 
31 JO Oroundwatar 

SEASONAL REVERSALS DP GROUNDWATER FLOW AlJWD 
LAKES AMD THK RELEVANCP TO STACMATIOM ROIlfH AMD 
LAKE BUD0ETS 

Mary P. Anderson (Dept, of Geology aod GeophjAl'R' 
Unlvarelty of Uleconaln, Madleon, HI 51706) aad 
iamee A. Hunter 

Several raaserchere have observed eteaoaal re- 
vereale in the direction of groundweter flee 
around taken. If thaee revarenla ere prolongad 
end are eccoapanla-d by tho formation of * aieg«' 
lion point, they may have a eignlficant efTeat on 
e laka'a water and nutrient budget*. The 
Cion o£ ■ eugnetion point at * flow-through l**» 
(!••■, * lake that rocolvs* groundweter tbtou|h 
pert of the lake baaln end recharges the ground- 
water system over tho roat of the lake baaln) ta 

accompllshod by tha formation of n ground water 

aoued on tha dovngradlent aids of tlia lake. 1“ 
thla paper tho seasonal forest Ion of a ateguelW® 
point at Bnska Lako, Hlaconsln. la InveitlBAl" 
with tha aid of two-dimensional transient comput 
“dele applied tn cross eeotlon and ereelly' ™ 
•nalysla damonetratea tha potential for lb* 
eeneonal formation of a eugnatloa point *L ■ 
flav-through lake and provldea soon lnai|kt Into 
cho transient davnlopoent of eh* st« gnat loa pot* • 
Netar Raaour. Ran., Paper 1V0615 

3130 Oroundwatar 

CARB0H-14 DATING OP ORDUHDVATER 111 COWVm 
AQUimBi WPLICATIOHB OP AqUJTAHT DWOT*" 

I. A. Budleky and I. O. frlnd, (Depertmant of 
E*«h Sciences, Unlvarelty nf Waterloo, 

Waterloo, Ontario, N2L 301) 

the influence of dlffuatye loeeae into fin*" 
grained aqal tarda on tha 14 C aga lntarpr*^* 1 '”. 
of groundwaear la long, thin confined H'* 1 "” 
aaaolned. An analytical modal la davalop 1 •• JJ 
coupling two ona-dlmans loaal etnady-atata 
entlal aquations, ona raprceentlng advacti**" 
dleparalva transport ln tha aquifer and tD» 
rapraaantlng diffusion Into tha aquitaxda. . 

(be result * Indicate that aqultard dlffu|‘“®_ 

• mac haul am that can causa a algnl/leant " 
tlon In W(j eoncanc ration! In a eonti’wd ^9"^ 
Oroundwatar valonlttaa derived from MC ■*»* 
manta that era unadjusted for diffusion MJJ* • 
lhara fora, ba undarentlmatad. Tba error tna 
annuan in highly enoaitlva to tha aGW 1 ”* ”5Ja- 
naan and the magnitude of tha dlffunion «•“ 
elant. In contrast, eha itaadj-ntata dlatr 
tian of W C la shown to ba relatively 
to tha magnltudn of tba longitudinal MJ® 
Value nf eha aquifer. Diapnralvitlna t*P 
ties of tha upper range of valunn that ^ 
reported In tba literature nraducad a nag* » 
dlffaranca In nteady-aeaee “C coneonttnt“ rj. 
pared to raiulta obtained oalng email dlxP*r* 
tins. 

An aquation la praaantad which P^rwlta^ha,^ 
cRJuatane of- 2*0 data to account for dl* 
ptmvldlng tha aqulfar-aqnltard qyat«“ »■ . ^ 

a tratl graphically complex and hatoro !«««_■ 
analysis nan ba extended to Include aga . 

lnotopaa that have half-llval different **»■ 
of 1+0, Tha r* suits of thin study *1*9 
•fla dating in fractured porous madia. 

Hkkax RuoMt, Ram., Paper J.W0M8 • , 


3 130 Oroundwatar _ imB n' 

nZCORSOLUiTIW STRESS OP AQUIPB* 

UBAS OP UDUCZD LAND WBSIDBK3 ' _ 

T. b. Hollar (P,5. Oaologlaal Surraylj ^^ - • 

385 Mlddlaflald Road. Itanla Part. CallW*V, . 
«WS) ' . 

iqulfar syatoma In tha Eloy-Ploacbo +^“1^ . 

Arlnona, the Jtoualon-Suvaaton apf*i • 

tha Tplard-NaMo area and »anU . 

California, .appear ka hava'.baan ofaro^‘r^T\,i 
bp iui'aamait ithat rangad approxlaatojFyj^, 
to 6,2 bars (16 tp 63 a of watoP) . : ; 

to«Mi to withdraw grtniadwtac fW» «gL^avrt v 

ralqUoo batwooc land nubsldnoba , 

dnolina ih thnao nrmnn cons lata ®'**®.**Ca !' 

H gmiati. h thaaa ar— a SUbstof 00 * ^^.,^ ' / 

VaLsr-laral dsoUca was ipirltlliUtf . »; . 

until 'NaUc lrnli had dabiimfU. 

to 63 n» *ae 

line Inland, to toitW TT;,: . s . 


illWUSh ■)« <l* us ** ^ 
nl “ M '. ^riributsd to tine responaa, lb la 

« “ *>2 taf* » M MU-d prl “ rll> ' ^ 
uw,T ^^M 0 llfl«kloo of the acopantlng part 
91>a uator-laval doollns 
tf 2? f^aratU' of aubaUanc. to unit water- 
*' “^SoUn* cbtogad lndloataa approxlmntaly 

tj which tha prmooosolidatlon atmaa 
“^rw?o^rtTd.n atraaa on tha aqulfhr 
that *x laud before grmmdvatcr 

began. (Snbaldniint, groundwatar, 

G?8<S£ > i«m p «« 1H0207 


^UIHEWTICAL SmiCTURE OP RAINFALL RBPRESENTA- 
PAMS I. II. 1,1 

U toairo and VIJay K. Guptn (Dapt. of Civil Eng. 
ihilaralty of Wnlulppl. UnlvcnUy, HS 38677) 
FMT |*A RBVIBH OP THB STOCHASTIC RAINFALL MODELS 
n » 11 tha FI rat of ■ clumo part mrlos on the 
■ihtmtleal atnieturo of rainfall models. Savsral 
JLrtant actanpta at nodnllng rainfall ara re- 
spatial attoaUoo Is given to the mathn- 
iitical itructuTt* that arlan In the rainfall de- 
luLatlona. A general overview of the three part 
■art** l» f l "n ai preface to this part. 

JitT ll-A RFVIBN OF TW TNB0RT OP POUfT PR0CESSBS 
tan II coniUtutM tRp aacond of three part* de- 
vsitd is the nathamtlcsl itmcturo of rslnfall. 
u iRoiltory. y*t currant, treatment of those 
f<* tarsi ef Point Proces* theory which aro agios' 
ml to daierlptioni of the hydrologic proqea* Is 
Jmlopsd- A gsaeral overview or toe three-part 
Htlai 1* given ln Part 1. 

■UT lll-SONE APPLICATIONS OF TUB POINT PROCESS 
nest TO RAINFALL PROCESSES 
tart Ml eoaieltutei the final part of torso 
art* devoted to tha mathematical structure of 
nlirill. The objective la to illustrate the 
uataof tba tools developed lo Pert II ln tho ne- 
dwtleal daicrlptlon of rainfall end relnfell- 
g riven procevioi. A general overview of tha three 
pin lerlet 1* given in Part I. 

Bur laaour. Eta., Taper 1M657 


11*0 Precipitation 

1 imSOCUKATIC RZC0H8TRUCT10N OF ARHUAL 
(PKIPRATI0E AMOUNTS U I0UA 8IICE i860 
6. 1, Duvlak and T. J. Biasing (bvlronmantti 
Mvacu Dlviilan, Building 150$. Oak Ridge 
litlonal Laboratory, P. O. Box X, fek Ridge, 

;i rdjo) 

irai-rlBB width* from white oak ( Quarcua tlht ) 
la rrurti Tova vara found to be accurate lndi- 
.itva of total precipitation for a period be- 
fluloi naar tha aed of the prior growing eonaon 
it] iitaadlBg until the and of the graving eeanon 
[i tM |tu of ring formation. Romanian-based 
mluta* ef (nnual (Auguat-July ) precipitation 
In low vara obtained for tha JOO-yaar period 
of irar-rlag reaorJ (1680-1979). Tha oorralatlon 
(Mfrialant betveaa actual and eatlmated praclpl- 
it-.lu valvet vat «0.7k for the fO-year period 
trdua used to ealeulat* the regreaeloo coef- 
ri'juta, and #D.T2 for the preceding L6 years of 
it:i(*Msot data. These raault b show that tree 
rlc/a ara rellabla Indicator* of wat and dry 
I »rl >T» La Iowa, tharaby providing a 300-year 
rt.crlor precipitation variation! for uaa 
i.-liDlIita and planners. (Troa-rlngs , cllmata, 
inclination record*, Iowa). 

AKrluout. Rat,, Fapmr 1W541 


)IM lunoff and Btraenflov, 

mouTIC SUBSURFACE PTOZXPLOW 

bilk Irvan (Dapartnant nf Environmental Belancaa 

'Blmilty of Virginia, Charlottesville, 

T b|isU 22903) 

Ikll paper builds on the analyaln of Handeraon 
KlVMdlng (19(4) la comparing almpllfled medals 
« nlitirfica stonflaw for rha case of a sloping 
•Hi Eatla in which the hydraulic conductivity 
Ucxitut throughout . Ic la shown chat nodal* 
W*l W a Id nan* tic vava fornularlon may bn good 
■llisxiaarlan* to thoaa baaed on the extended 
J-roii-Forchtialiier aaauaptlona tor valuaa of tha 
^bwiooal paranatar X-*icoaO/(Kalrf6) leaa 
■Mjaviut 0.75 in tana af predicting bo>h valor 
■•5U prsflUa and aubaurfaca atormflow hydro- 
Ki J n " rma E* valuaa of alopo sag La and 
Tim U conductivity for which tha kinematic 
..ruination la valid U compared to data from 
l, Jr lA * T * subaurfaca a con I low haa 

■Down to ba tn Important component of tha 
UT!™ u ""n rainfall. It la concluded that 
isaaitte approximation may ba uaafol Tor 
** Practical interest. (Subsurfoca atorn- 
S modal, hlllalopa hydrology). 

** l “iaaour 1 Rai,, Paper 1WQ788 


** ****v quality 

Cm!™* W™ W RIGIOHAL *A8TZVATIS IVSTBIBi 
J™"IRfl UD ZVALU4T1N0 ALTKUATIVZ PLANS 
lui»J! U Ili? ,, * ,,,u P °* Loulnvilta, Louiavllla, 
T!J2,J" ,a ) *■ Brill, and J. Llebnan 

Wtlwrlli 1 !!? M,ll0d “ tar “»‘7*1°I 

ul el*"*" 41,1,1 •* regional sastewatar fystmu 
n . „ ,r ■T ,t *a« poaaaaalng a aUllar uatearh- 
’ha prlnary objeetlva of tba 
Ikuu. ** a,f,tlos of aultlpariod looetiona and 
« *l«lnga. Tha nathod la haaad 

•*ma B^otour* Involvaa a b ran oh- an d- 

PR|u pf'toe spool floally davalopad for Inta- 
1*111*1 1 1* ° f * olBtl "uu obtalnad using tha 
“liliaa .!*" ,l °* * ltb ■ 1,1 °* aolutlona 
h *«#anM' a| design Floe. A method 

Utu * th * ganaratad multiperiod altaraa- 

*•'•1 u „ Uil * ,f tb * ■a*hoG le demonstrated 
,u| t>i»s* * lb *Ple a hypothetloal regional 
'uin*,.. nt0, (Esgloxiallaitlon, aptinlmation, 

'Mar quality 

mwh-ahd-bouud ItSTEQD FOB 

tatam, ”° main »*tir agaOuacM plaknihd 

of Lout aril In, Louiavllla, 

"•Fnil'toi*' 11 " br, n oh- end-bound algor I tha In 
' “ »“*)y«*"« nultlebjantlva 
probloe* whlah are 

'Uhi .. * '* *■!•* rasourosa planning nitu* 
"'M va, 11 • nultiohjtetivn ln- 

>i«ak-aaa -km* “* * hloh altl1 1111 ot tkl 
«a|^ a „ J™* lr " atruoturn and allows th* 
"'tack u totortans* of fnalUtlna la tha 

11 *rei. rv. . by Indlvtdnal area or sate 
‘“lull aKw.^I tlb *" itl<, * l tormulatioo and tha 
« U, at “■ «« denoribnd, 

‘•’•"■‘rtiaTSlJi U, V ,BU *« of *B# net hod ln 

»Ilh a hfP 0 * 6 ** 1 **) ex ample problem 

rwi *Ul iu,," 11 . 1,1 eaataeater treatment and 

“ ,, m*, Eyaten. (HuUlobJaotiva 

'> *yii2| l,Mt,0 “, opUaliatlon, east*- 

■ toper 1W697 

^*"‘ l 0t ■‘WalUneou, 

U T;w J OR:TS 0 BUNZTgg OF RAND0H CnAHMZL 
7.V. Itaou ta. 

Hint, « th *** llc * Department , University of 

Aib !* t ** 

‘•War— *«|th of river natworks tesda 

^ * T “ of ■ 
tor, Uu , bMln T *to»<I to a power that 

tot o.j *'°“ l 0,6 f »r amall baalna to : 

,fc » wpeecj ***** toalna. Bhravv oaloulstad . , 
*Ub 4U ** t,r °f random eharuial ' 

** 108 , * • #0 * e aa tor valuaa of a up 

* ^ h * ,U et lhU "toevlA«l J«le 

**• *®I)/I,» 11 "* l RiJe the ratio 

^•“•elp * * 9pre *“ flM *> •• o Insroaaaa 
• °** '» <W(L ° Ur ,hJ,et hM ^ .t« provn that 

'Ww. tk f “*»• •>' 

to... 'a,.^. :> ‘ 1-; 1 i 


Meteorology 


3715 Chemical cmpoalton aad chemical «... 

A BTUDT OP THE EFFECT IVZKEB3 OF 1W CIZ 2S5uS 
OZONE LOBS NZCHAHIBMB CATALYTIC 

D. lAwbblaa (Lavrvnca Llvarmora 
Uboratory. livanwra, California) J. ch*4 

- 1 - p »“.ncn of catalytic iwchani... Involv- 
Ug ch orina apacle. for daatroyfng acr.io.ph.rlc 
oiona la cow wall racogniiad. In this study, w. 
dataralna that that, are at Ulat four catalytic 
cycle* ef varying Importuca for teilyiiag potau- 
t ial odd oxygao daatraccioa from chlarlna ap.cla. 
In the itratoapbare. The inlitlv* efllelency nf 

S' T " ,lh •14‘tuda. 

Sinea Individual halocarbans ralanaa chlarlna 
aeoma over ■ wide rania of dirfrraot iltltadai in 
eha auatoaphara, Up lapacc on atfatnapharlc 
oaona moat ba doa tn tha combined if fact of each 
of thaaa cyelaa. Indeed, changaa In tha vertical 
oaoae distribution lar various halocarbon partur- 
battona war* found ta differ significantly dua to 
difrcrancea In thn altituds range of Inorganic 
chlnrina relaaaa* and to dlffsrancaa In ralstlvc 
cat* 1 y tic cyels stf ic lane Us. 

J. Gaophys. Zai. i Groan, Paper 1C08S3 


3725 Coavaction, tarbulencs, nod diffusion 
L0HC TERM OBSERVATIONS OF THE ARCTIC KESOSFHERE 
WITH TER KST RADAR AT FOREX FLAT, ALASKA 
W.L. Ecklund (National Oceanic and Atmos. Adnln., 
Envlroruuoul Rasaarch Labs, Aaronoay Lab, 
Eouldar, Colorado 80303) B.l. Balnlsy 

In thla report wn aumarlia tha raiulta of 22 
months of observations of Arctic masnaphsra achara 
with tha 50 HU radar at Poksr flat, Alaska. 
Operation with s partially comp lit a ayatn began 
in Fsbrusry 1979 and has contlnoed no a nearly 
continuous basis to tha praaant tlna. Tha alti- 
tude range of the masoaphsrlc echoes obtain*! 
during thla period shows n pronounced lesson* I 
variation. During sumasr montha to” Msoaphacic 
achacs ara rolatlvaly continuous In tlma and ox- 
tsnd from about 80 to 100 to with an unexpectedly 
strong psak tn slgnal-to-tjoiae ratio At about 
85 km. In conttast, In oon-*ixsaar m*aib* oasn- 
sphartc echos* ara Us* lnttnsa and occut ac 
lower altlcudoa In rba rang* Fron 35 lo 83 to. 
Thsaa lower altitude non-auaor sehoaa ara ob- 
sorved primarily during dsyrlmo hours when anor- 
getlc auroral part Ida precipitation (*• datar- 
mlnad by rha Poker Fist V) Iff! rlomcter) la 


3735 Ellctrlcil phenottna 
LAYERED LIGHTNING ACTIVITY 
D. A. HicGormin, A* A. Fbm (Dapt. of Space 
Physic! and Astronooiy, Rico University, Houston, 
Texas 77001), T. L. Tear 
Tha horizontal intent or lightning channels 
reconstructed acoustically from severe] norms 
(s significantly larger then the verticil extent. 
Furthermore, in exuitiutlon or ill the recon- 
structed lightning structure tn each of tore* 
storms, one In Arlzone, one In Colorado, and on* 
In Florida, shows that toe lightning activity 
tends to occur In layers 2-3 km thick. In the 
Arizona and Florida stores, there ware two layers 
of activity . Tmoperaturas at Uve (o«« boundary 
of the layers were near 4'C and -18*C In the 
Arizona storm and -11'C and -39*C In the Florida 
Storm, [n tha Colorado storm, there was a single 
layer having a lower boundary near the D'C Ho- 
tnorm. Our Interpretation Is that each or the 
two layers In the Arizona and Florida storms li 
associated with a corresponding chargod region In 
th* dipole or the thundercloud charge distribu- 
tion. He suggest that toe single layer In the 
Colorado storm was a result of thn dipolar 
regions being closer together In altitude. 
(Llghcnlno, thunderstorm, atmospheric electrici- 
ty, storms) . 

J. Osophyt . Rao. , Grain, Paper 10)8+2 


»7hO General clrculotlon 
8T RATO 3P HER IC-HE80BPHEH1C MIDWINTER DIS- 
TURBANCES: A REVIEW OT OBSERVED CHARAC- 
TERISTICS 

JC.Lobltzko (Inotitut r<1r Kotoorologlo , 
F.U.BorUn,?ndorol Republlo Oaroony) 

Tho aid win tor tonporoturo a hinges ln 
tfae DbsoBphart mod otrstosphoco sro 
doioribed ,uoln« conventional and aatol- 
llto dots. It In shown that over tho 
Northern Roalophoro tho ao-oollod otreto- 
ophario aid win ter wormlngo extend into 
too upper naaoephora. Tho dlfferencen 
between both bamlopbarao nro pointed 
out. Tho activity of tba plane tary-acol* 
wbvob during tho loot +6 northern vln- 
tero and tho loportanoo of th* amplifi- 
cation of bolshe wovo 1 bofor# tho bo- 
RlnniBg Of a eajor versing ora dloouBDod. 
It lo abown tbob during the northern 
winboro the etructure of tbo qixaoi-otB- 
tionory wavto ahowo on irrogulsr lntar- 
annual variability which ou b* oonnootod 
with tho variobilltjr of tho polar at rat o- 
aphorlo tenpirataroo. In oontraat, the 
oouthorn atratoopbario winter* are 
F.p« IC0652 


37B5 Intaroctlon of atmoapboro with 

nloctroaiBirootlc waves __ 

ON DETECT IRQ HEFLBCTICW3 I” PBESKNCg 07 
SCATTER I NO FROM AMPLITUDE STATISTICS 
NIT1I APPLICATION TO D- REGION PARTIAL 

P^K^notogl and O. Holt (Aurorol 

SioJirviwr?: P.O. Box flBS. Xro«|E* Korw. y > 

In many radar oxporloonto which noe 
trsnamtasloo or aouc taring of radio wsvoo 
through o random medium. tborecolVBd 
■ lansl in modelled w * reflected 
w*5e of amplitude A in a on nttnrad narrow- 
band Oanoetan random prooeao _!*Ii22al 

a- 2 Ss*S. 

h« unod to dlacrlmlnate weak rofloo- 

S™ t™ .S.wr.». (- < “r 

lour of mean, okowoooo and kurtoels or 
oxnmlDOd rot- a “J n la nhown 

th AppiloatlonB to a 

Darts of turbulent layoro. 

Rad,. Set., Papne 190860 


Mineralogy, Petrology, 
and Crystal Chemistry , 

='S?SrJ^S=i 

"S&Tll probltM that ^ld to««* l 

>ao d 3) POUntl.l. — i.i 

-loata lo ?^.well-c|»M« t 


*26o hrsgintsls, paLrogrspoy, ana pitrogansnlo 
FKTMUXn BED M0OlK)8«.«ll GT MZTWtbBTHDSRD 
Y0L CASIO IKES A HI A 

MIDDLE- CRETACEOUS VOLCANIC HICK III TUB 
IAST-CSHTB4L DtEIIA KEYiDA, CALIP01HI1 
Eonsl* U. Ilatlsr (0.3. Gsologlasl Survny. 
Menlo Park, CA 9(025, U.8.A.) 
sM Sanual I. Swanacfl 

HatuorptoM Masexolo volcsnlo reck* rrrs 
the aist-aonlral Sierra Nsvsds rsnga in 
cnaposttun froa bistll to rnyolltt and hsva 
line, kasad on utmLa-rook Ih-Sr and U-Pb zlroon 
dating, of about 237-22E, 183, 163, 13«. and 
100 a.y. Tea major plutana or thv btllwllth in 
thla area ars of Triuilo (219 to 200 o.y.) and 
CrAtsBfows (98 to la o.y.) agas. initial 
BT Sr/ D# Sr isluts for tha metansrphqsad volcanic 
rooks of th* ara* ara In tha rsnga tram 0.70*2 
to 0.7038 and era ganarally dlffaranl from thn 
talus* tor the surrounding bat hull thla rooks 
(0.1056 -0.70661. 

1 oiraulsr, sanad lets it la pluton, with an 
outorap area o t 2.5 to*, sutler in nppaarinoo 
lo a ring dlko ociplsx. was apparanlly a 
conduit tor sona or possibly all of tba 
ol dd 1 *-Cr * t aaacui natuorphastd oilcan tc rocka 
axpcstd ahoul 3 to to tha south in th* uvatarn 
part or Lfa« Ritinr Rang*. Ssnplis Tree tbo 
mttsMrphosad volcanic rocks and ins pluton 
yield a Bb-3r whole- rock Urchrx/i agt or 99-4 * 
2.2 o.y. with an initial a, Sr/ aB Sr of 0.70(8 x 
0-0001. Major- elasant variation dtagraoa or 
tb* pluton and voloania rocka d«rin* co incident 
ooepcaltlonsL t rands. 

Th* pluton, intrudad Into Early Juraoilo 
Mtaocrptcstd voloinlu rocks (Rb-Sr wcglq-roclc 
taoohreo as* or 185 * 6 a.y., Initial fl7 Sr/ aB Sr 
■ D.70I7( i 0.00009), la coapossd of a central 
body or grsniL* tut U Intrudad Into ar.d 
almost aonpletaly surrouedsd by a 
oreaoant-shapad outer rin or quarts 
oonwdlarll*. Contact relations batman thn 
granitic recks, intrusive tn sola places im 
eooplataly gradational at other piaoss, 
lndloate that the quarU oonitdtonta was not 
oooplately oryatalltiad prior to tb* lntnislon 
or tht iranlte. Nodal nlneralogy within the 
pluton la alao consistent with tht a inferred 
aryotllllxatlon hlatcry. ln* grant Ho rock 
teitur** ara eaiaelaatlu, cnaractcrlssd by a 
groundm** of faldspar and quart* that 
aurroundn larger grain* or Teldspar, 
hornblende, and btmli*. widely spaced split* 
dlkaa fron the granite Intrud* ln« quirts 
■entodlorlln along Hit contact bttwssn tha 
granltlu rooks. Tha splits dLHus and 
tntaratitlal alkali Faldtpar asi^latud with 
oyroaklt* Ln tne pluton. being undofurnad, 
Indleatn crystal I liaitnn of n sasl) *m-junt vf 
■II tostn liquid after cataolasis. Apllto 
oempta turns auggssi ■ amlnum eryatsll ItalKi, 
pressure or 0.5 kb (I -2 u)| this doptn lo 
uonolllvnt with crystal I not Ion nur tr.t beac 
of * large iLratevolcano. Thn pluton lo 
oharaoterlivd by steap, linear ruaiurin, 
darintd by ulneral clots and Inclusions, met 
probably toroid durlrg tno upward r.Ksint 'f 
IM nsarly eryalallliid asgos in im velrsnU 
conduit . 

Tn* agas ef volcsnlo atenla rslatlva lu the 
ages of tno major Intrusive rpech*. and tne 
Bajor-alaainl and Isotopic ccopcsltuni „r me 
velcanlu rcewi iclallra lo the esj-.r plul.nn, 
lndicsio met tna wleinlc r^ka art n.i alaply 
er dlrccLly ralalad lo tna ujcr plgtrna in the 
3ltrrs Nevada. IVnlrinlo r'-4k», |« ■ thrcn-l-gy , 
petrology I 

J. Gavphvs. Na*.. Nei. Fai-ar Hid+ut 


47niJ FuraianaeU, porroziar' 1 ', *"i l+u^nw-lv 

• HEMICAI EYOUTImN r>( VA'^li IN T)IL 

TEPRA-Vl "V niE 3 T. (MV>lV Md-III- 

utrLP.v mi'ovufi. U4A. PAf t i- rutr,. 
PkTS'KAAPHIC. ASUH*r0> tLDIfST 1-lfA 
H. I.. Alckfor.l (Uwpine.nl vl ■.■•a|,. k . . ■iilv,-r*l>v 
of |'nn**a, Lawrence. »»n-J.. ' P. ^Idt" ar.: 

A. L. '.ullere 

CHmlcal avolutlvn ..f ;| u >-.n|. ar.d vwl-'anU 
racks In me St. fran.vlt M-.muIn* has been 
IntvrprorvJ nn ihr •„(, .-f 'i.I.I .H*tTltutl«n 
el rvvVa, li.cli ,••!.. ,i,i, . iv • O'lvr Jnl 
trees '.Ic-rnr ccapcaliiona. |.nr .III.' a pl«lcna 
era loirrprxt^J a* rlnp plnlxnA IniiudeJ into ■ 
celdnra In thn vesLvrn Si. frenccls Kjunlalna and 
arn believed to rrpraaanl aeuplai of »« pirantal 
tugos. loait-nqueiue oliln* calculation* IrJl- 
cace that a major hlgh-tlllcn pluton which 
occupies Ih* crotral part of thi propose! calJtri 
and a valuutnoua ash-flow tuff, trlUvcd to le 
[hn erupt Its thai forced tha caldera, could havs 
formed by fractional crtatallliatlon of pUglm- 
clnsa, hornblende, blotltn, alknllc f«l Jipjr . 
nphani, and mngnatlt* froa (hn parental magma. 

Thn caldera thus famed above a razma cheabtr 
that bacann toned a* Iractlooel crystallisation 
of llquldoua phaeta oocuirad. 

J, Gtaphya. Raa,, Rad, Paper 110893 


4260 Partginotls, pttrography and pet regent si i 
SEOCHENISm AND PETROL 06Y OF MID-TERTIARY ASH- 
FLOW TUFFS FROM IHE SIERRA a VIRULENTO AREA, 
EASTERN CHIHUAHUA, MEXICO 
E. J. Ho) I (U.S. Geological Survfjr, 345 Middle- 
field Rd. , Menlo Park, CA 94025) 

The Sierra el Vlrulento, located In tht Mexican 
Basin and Range province of eastern Chihuahua, Is 
cooposed of over 700 m of siliceous hlgh-K «o Te- 
ll k*11c ssh-riow tuff ranging In age fron 33.7 + 
0.3 to 29.5 + 0.6 B.y. At lean 701 tf. phrno- 
cryst* In the tuffs ars zoned toldipar crystals 
tost have tndtilno torts tnd ancrtooclas* rims. 
Subordlnil* ph*nocry*ts Include cllnopyroMno. 
blotHe, llnonlto, ugnitlt*. unldln*. horn- 
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blende, quartz, and or tho pyroxene. Pyroxenes ore 
Hg-rich and have a restricted range of Kg-Fo 
ratios. Fe-TI oxide nlnorals equll f braced A i 
high tecgieraturoi (880-1055*0 and oxygen fugi- 
Cities (-top FOy - a.3-1 I .a). Ihe tuffs ore 
strongly enrlchld in light rare earth elements 
( L NEC ) end have moderate negative Eu anomalies. 
Initial 3'Sr/“"Sr ratios range Iron 0.7043 Xo 
0.7065 and show a rough correlation with 510;, 

Sr, and Rb/5r. Tho Sr- isotopic composition* 
suggest thst tha rocks formed Fron An Iso topic- 
ally hetrogeneoui source material and ware nadf- 
F led by later crustal contamination. DscUb 
tuffs ray have originated by either fractional 
crystal 1 lyatlan af more mafic msgraai or by 
partial malting of crustal material. The series 
da cite to rhyoikte seems to bava evolved by o 


combination of low-pressure fractionation In 
shallow magma charbers and crustal Inters c lien. 

If variations Fran daclte to rhyolite are tha 
result of crystal fractionation, th* mlntralogy 
and najor-element data suggest that arorLhoclaie 
was the dominant fractionating phase. 

J. Geophya, Nca., Med, Psptr 1B09D3 

4260 Petragenesls or granite rjvus 
CHEMICAL EVOLJT TON OF KAUUS IN THE PROTEROZOIC 
TCPRAhE OF HIT ST. FRANCOIS MOUNTAINS. SOUTHEAST - 
EAPN HISS0URI , U.S. A., PART [I: TRACE ELEMENT 

DATA 

R.L. Cullers (Oepirtncnt of Gaolagy. ransas State 
University, Manhattan. Kansas 6GS06, U.S. A.) 

R.J. Koch. M.E. Blcktord 
The St. Francois Hunt a Ins Igneous ccrplc ul 
Proterozoic age consists of hypab/ssal, granite 
plutonv Intruded Into tha overlying rhyolites 
of similar age. Halting and crystallization 
rudels of thgso rocks suggested by the field, 
petrographic, and major element contents ars 
further refined using Rb, Pa, Sr, REE (rare-aarth 
element). Th, Sc. and Co contents. There are 
two groups ot relatively undlfforentlotcd ptutons 
associated with ih* Sutler Hill caldera and Tain 
Sauk area thit could hive faired by partial melt- 
ing of lower crustal rocks- Iho plgtons associ- 
ated with the Builariim Caldera (Knob) Id and 
SMvomlne grahltes] could have forned by about 
3DX aggregate railing or a qujrti dlorlte, gray- 
wacko, or subgraywseke. Tho plutons associated 
with th* Tgun S*uk are* could have Icinvd by 
about )<)l cgjl llbrlwn rotting of a subarioso or 
ariose. 

More silicic rocks of tho Out I or Mill caldera 
cuuld hive f.)in«>3 by fractional ci y stall list ion. 
The Silvern Ire Granite Is intomslly zoned. 
Crystallization of plaglnclase/blntito/horo. 
blcn.Te/icaqncltte/at'jtito/zlrcon/tpheria in a 
ratio Qf 0.70/0. IO/Q.1S/0. 01/0. 005/0. 001/0.007 
fron tht least differentiated portion of th* 
Sllveintne Granite could hivo ferrod Intenr^- 
dlate portions of the Sllvemlnc. Further 
crystallization of tho Sllvamlna renulrcs cor* 
blot I to (Pa begins to decrease I and levs horn- 
blende. Zircon, and sphori* (HRLE Ircreaie) to 
prtdpUatu and form the rxill dlf ferenllAt* 1 
portions. Also fraction il crystal 1 1 za t Ion of 
undl ffei untlsled Sllvemlnv - Lyps rjynjs could 
hjte P'Odijced th* sequence of Puller HI 1 1 - 
OrciJ'iay-CronHevIlle Granite', as rssl<lU»l 1 >'!- 
Ijlds roipectlvcly. Ihe cult cryvi a lllzlnq 
nlnera) asse'blanc 1 Is dclnitcl by plaglutlsse 
ar.J blotlie whlli- tos late cryilalUzini nln- 
era l as;> -|>laq« is .Imlnatef by quai tz. k-fda- 
-,nir, anl lov.n oltqi vs (»'.**. lb? 'jivelswld 
r.rjrrullnrl u In llie l‘4«n Pjrk «rci has tb* 
mineral nur. l-liqe and r.c-piiltlnn of J 
lale derived f re- the Mlvurr-ine 0 r4 i,lce-f ,ce 
dlllovvnl 1 Jl'nn icnuenoe. 

Ih* aisnriated volcanic rocks COuld not hi.* 
for "■*•! (rcoreltl of *»»CCly tFu« sa‘u -rrj.OVl- 
t ion ef any of the iv-ov Idled iniroslvo rnrks 
Lather ih* .ol-anl-: rocks fnr e.l fren -e't'. of 
v light 1 v different Chei|sl,y. 

J. wearb+N- Asa,. Mel, 2urU 1BG202 


l-’ro Ml nursl^y, Psualc-JY nr-1 CiyKnl Jdalni/ 

tux ikw cxAxiiisriosr or viouxiic+c siwws trim » 

atmctuaucTox sKuamiua xlktvcw enwrw 

W.v. Hill ICiMti lot Hn* nr lain 
l-ntvaill'.V cf *lr«tnqr>u. P t» Bn, lui. 

Ilmlmu* BIS 7TT , u.k.l d.i. Lloyd 
Tkn piptr dsieilMn thn unn ot Iha t*e»- 
■ciltixnd alnclxcn IHU modn or ncannlrvg nlpc- 
ixon ■ I c,o» cops (SIX) epnraUxn far wlr.*raLOi|C<-*l 
and sarth acl+rxin appl ten clans. Such 0| «ruli« 
r squirm an arrtcUnl detnetar 1,'IIWI and ol (ho 
type* pin* ■ ally svillahln tha ar.« dmerlt*! ham 
ran annular akllcon dlodal qlvaa ccoparsbia If 
nut nupnrlai mult a co cha ccamrclslly avail - 
ahln iclntl llatoi-pholon-jlclplSai ay»tn»a. othnr 
■at da tax corn con, true tad tram ptotodLoJnn ara 
alao found lo glva good raault n and srn I n»x|»r.- 
slva ird ntapln la nuufretura. Iniral aaFrcLa 
of An tnaga .quantification ara ccraldtral. IL 
la shews how iuic nuxhox eoolriai {which arlaas 
f ice tba de[OCdarra of thn Afl coafflelwr.ta tn 
cacposltlonl exy bn cilculatrl anl tha MS «+f- 
flctor.ta For « wide tinya ot cx»t Dlr.orsln sra 
yrnaxtnd. Atoole nutir crntrul glnl rlnn ro 
toly s cjII pic portion ot tha total Icati nlgul 
■nf In order to ranovn other ncurces af ccnernat 
■pec la 1 stler.tlo.s aficuld tn paid ro tpedLcer. 
praparatlsn. Cubrn coating 10 fixrd lO bn dr 
teat crtlvd at pinvintltg toe opeclcan fren 
cbarglivi keesuoe unlike ottar cathode (e.g. gald 
cutljy), nr.vlromotsl cel II it doea ru inter - 
fire with luge detail or Jt-rez anil yak*. Tha 
paper shown lev cwpiltlcul InfornatLcrt and 
nlraral proporu:u uy be ckulrad fron atonic 
iwnier conttast isij«* uetog a Bultl-chanaal 
ardlyier. IBUI. tualc t-jnbnr ccatraat, 
alr.eralogy, patralcgyl - 
Ae. Hinarologkst, 66. 3-4 
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